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FOREWORD 


The present day commercial radio operator license examinations cover a wide 
range of subjects, which makes it necessary for those desiring to qualify for 
licenses to be well-informed in both theory and practice. The coverage of subjects 
is suggested by the many questions given in the Study Guide issued by the Federal 
Communications Commission. 

In this edition a considerable amount of information has been included in the 
form of discussions and explanations. This part of the text is a special feature 
because it provides necessary review material which otherwise could not be in- 
cluded without confusion with the answers to the regular questions. Important 
reasons for including additional subject matter in the form of discussions and 
explanations are to give the reader the greatest help in answering typical questions 
that are likely to be asked in an examination of this kind and to give sufficient 
added information to short answer questions where necessary to cover the reasons 
for a given subject. 

This edition contains considerable material dealing with modulation, oscillators, 
classes of amplifiers, and rectifier power supplies. Also, a good portion of new 
material is given over to the operation of circuits to provide maximum frequency 
stability of a transmitter. Included are many problems dealing with percentage 
modulation and questions on typical troubles and causes of distortion of an audio 
signal. 

The author wishes to acknowledge with grateful appreciation the portions of 
text matter contributed by Messrs. George F. Maedel, Oliver A. Meixell, and 


Albert Preisman. 
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ELEMENT 1 


BASIC RADIO LAWS 


101.01 to 101.05 inclusive. Note. These questions with answers are given at the end of 
Element 1 to conform with the sequence of arrangement in the Study Guide for Commercial 
Radio Operator Examinations. 


111.01. Question. State five grounds on any one of which the Federal 
Communications Commission has authority to suspend a radio operator’s 
license or permit. (Sec. 303m.) * 

Answer. The F.C.C. (Federal Communications Commission) has authority to 
suspend the license of any operator upon proof sufficient to satisfy the Commission 
that the operator 

(a) Has violated any provision of any Act, treaty, or convention binding on the 
United States which the Commission is authorized to administer, or any regulation 
made by the Commission under any such Act, treaty, or convention; or 

'(b) Has failed to carry out a lawful order of the master or person lawfully in 
charge of the ship or aircraft on which he is employed; or 

(c) Has willfully damaged radio apparatus or installations or permitted same 
to be damaged ; or 

(d) Has transmitted superfluous radio communications or signals or communi- 
cations containing profane or obscene words, language, or meaning, or has know- 
ingly transmitted 


(1) False or deceptive signals or communications, or 
(2) A call signal or letter which has not been assigned by proper authority 
to the station he is operating; or 


(e) Has willfully or maliciously interfered with any other radio communications 
or signals; or 

(f) Has obtained or attempted to obtain, or has assisted another to obtain or 
attempt to obtain, an operator’s license by fraudulent means. 

111.02. Question. Is an operator subject to the penal provisions of the 
- Communications Act if he violates the terms of a radio treaty to which the 
United States is a party? (Sec. 303m and 502.) 

Answer. Yes. Any person who willfully and knowingly violates any rule, 
regulation, restriction, or condition made or imposed by the Commission under 


*Kry to ABBREVIATIONS: (See Appendix II.) 
Sec. Refers to a section of the Communications Act of 1934. 
Art. Refers to an article of the General Radio Regulations (Cairo). 
R. & R. Refers to a provision of the Rules and Regulations of the Federal Communica- 
tions Commission. 
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authority of this Act, or any rule, regulation, restriction, or condition made or 
imposed by any international radio or wire communications treaty or convention, 
or regulations annexed thereto, to which the United States is or may hereafter 
become a party, shall, in addition to any other penalties provided by law, be pun- 
ished, upon conviction thereof, by a fine of not more than $500 for each and every | 
day during which such offense occurs. 

111.03. Question. State at least two provisions made in the Communica- 
tions Act to ensure the priority of communications or signals relating to 
ships in distress. (Sec. 321b.) 

Answer. All radio stations, including Government stations and stations on 
board foreign vessels when within the territorial waters of the United States, shall 
give absolute priority to radio communications or signals relating to ships in 
distress; shall cease all sending on frequencies which will interfere with hearing 
a radio communication or signal of distress, and, except when engaged in answer- 
ing or aiding the ship in distress, shall refrain from sending any radio communi- 
cations or signals until there is assurance that no interference will be caused with 
the radio communications or signals relating thereto, and shall assist the vessel in 
distress, so far as possible, by complying with its instructions. 

111.04. Question. In what class of radio station and under what condi- 
tions is an operator permitted to adjust the transmitter for a maximum of 
radiation without regard to the interference produced? (Sec. 321a.) 

Answer. The transmitting set in a radio station on shipboard may be adjusted 
in such a manner as to produce a maximum of radiation, irrespective of the 
amount of interference which may thus be caused, when such station is sending 
radio communications or signals of distress and radio communications relating 
thereto. 

111.05. Question. In what cases may a transmitter on shipboard be ad- 
justed to produce a maximum of radiation irrespective of the interference 
which may be caused? (Sec. 321.) 

Answer. See answer to Question 111.04. 

121.01. Question. What communications, if any, are not subject to the 
secrecy provisions of the Communications Act? (Sec. 605.) 

Answer. Any radio communication broadcast, or transmitted by amateurs or 
others for the use of the general public, or relating to ships in distress. 

121.02. Question. State in your own words the prohibition, if any, 
against the transmission of false calls and communications relating to 
distress. (Sec. 325a.) 

Answer. No person within the jurisdiction of the United States shall knowingly 
utter or transmit, or cause to be uttered or transmitted, any false or fraudulent 
signal of distress, or communication relating thereto. 

121.03. Question. State in your own words the law regarding the trans- 
mission of false or fraudulent signals of distress or communications relat- 
ing thereto. (Sec. 325a.) ) 

Answer. See answer to Question 121.02. 
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121.04. Question. State in your own words the substance of the Commu- 

nications Act that is provided to ensure the secrecy of radiograms. (Sec. 
605.) 
Answer. The substance of the Act to ensure the secrecy of radiograms is that 
no person receiving or transmitting a radiogram, or in assisting in doing same, 
shall divulge or publish the existence, contents, substance, purport, effect, or mean- 
ing of the radiogram, except to the addressee, or his authorized agent, or those 
authorized to forward the message or handle same in a routine way, or on demand 
by competent lawful authorities, and furthermore, no one not entitled to it shall 
use the information obtained from the message for his own benefit or for the 
benefit of another. The penalty applied to violation of the secrecy laws is a fine 
not exceeding $10,000 or by imprisonment for a term of not more than 2 years, 
or both. 

121.05. Question. Does the Communications Act of 1934, as amended, 
contain any provision that prohibits the interception, use, and publication 
of radio communications? (Sec. 605.) 

Answer. Yes. See answer to Question 121.04. 

131.01. Question. What form of language if transmitted by an operator 
or other person makes him subject to the penal provisions of the Communi- 
cations Act? (Sec. 326.) 

Answer. No person within the jurisdiction of the United States shall utter 
any obscene, indecent, or profane language by means of radio communication. 

131.02. Question. What provisions are made in the Communications Act 
to ensure intercommunication between stations in the mobile service? 
(Sec. 322.) | 

Answer, Every land station open to general public service between the coast 
and vessels or aircraft at sea shall, within the scope of its normal operations, be 
bound to exchange radio communications or signals with any ship or aircraft 
station at sea; and each station on shipboard or aircraft at sea shall, within the 
scope of its normal operations, be bound to exchange radio communications or 
signals with any other station on shipboard or aircraft at sea or with any land 
station open to general public service between the coast and vessels or aircraft at 
sea: Provided, That such exchange of radio communication shall be without dis- 
tinction as to radio systems or instruments adopted by each station. 

131.03. Question. Does the Federal Communications Commission have 
authority to issue a radio operator’s license or permit to a citizen of a 
country other than the United States? (Sec. 303 fils) 

Answer. No. 

131.04. Question. Has the master of a ship radiotelephone station the 
authority to forbid the transmission of a message by anyone on board? 
(Sec. 358.) | 

Answer. Yes. The radio installation, the operators, the regulation of their 
watches, the transmission and receipt of messages, and the radio service of the 
ship except as they may be regulated by law or international agreement, or by 
rules and regulations made in pursuance thereof, shall in the case of a ship of 
the United States be under the supreme control of the master. 
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131.05. Question. Has the master of a ship station the authority to regu- 
late the transmission and reception of messages on shipboard? (Sec. 358.) 

Answer. Yes. See answer to Question 131.04. 

131.06. Question. Under what conditions is the utterance or transmission 
of a false or fraudulent signal of distress or communications relating there- 
to permissible? (Sec. 325a.) 

Answer, Under no conditions; it is never permissible. See answer to Question 
121.02. | 

131.07. Question. Under what conditions is the utterance of obscene, 
indecent, or profane language by means of radio communication permis- 
sible? (Sec. 326.) 

Answer. Under no conditions ; ie is never permissible. See answer to Question 
13101. 

141.01. Question. What is the radiotelephony safety signal? (Art. 24 
§ 26 [2].) 

Answer. In radiotelephony, the word SECURITY (corresponding to the 
French pronunciation of the word sécurité repeated three times, shall be used as 
the safety signal. 

141.02. Question. Under what conditions may a mobile station, if neces- 
sary, disregard the General Radio Regulations (Cairo)? (Art. 24 [1].) 

Answer. No provision of these Regulations shall prevent a mobile station in 
distress from using any means available to it for drawing attention, oa its 
position, and obtaining help. 

141.03. Question. What is the radiotelephony urgent signal? (Art. 24 
S 2241214) 

Answer. In radiotelephony the urgent signal shall consist of three transmissions 
of the expression PAN (corresponding to the French pronunciation of the word 
panne) ; it shall be transmitted before the call. 

141.04. Question. What signals and messages are forbidden by inter- 
national agreement? (Art. 22 §1 [1].) 

Answer. The transmission of unnecessary or unidentified signals or corre- 
spondence shall be forbidden to all stations. 

141.05. Question. What precaution must an operator observe before pro- 
ceeding with a transmission? (Art. 17 §2 [1].) 

Answer. Before transmitting, any station must keep watch over a sufficient 
interval to assure itself that it will cause no harmful interference with the trans- 
missions being made within its range; if such interference is likely, the station 
shall await the first stop in the transmission which it may disturb. 

141.06. Question. What does the receipt of the signal PAN transmitted 
by radiotelephony indicate? (Art. 24 § 22 [3].) 

Answer. The urgent signal PAN shall indicate that the calling station has a 
very urgent message to transmit concerning ‘the safety of a ship, an aircraft, or 
another vehicle, or concerning the safety of some person on board or sighted 
from on board. 

141.07. Question. What should an operator do if he intercepts the word 
SECURITY repeated three times? (Art. 24 § 28 [2].) 
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Answer. All stations hearing the safety signal SECURITY must continue 
listening on the wave on which the safety signal has been sent until the message 
so announced has been completed; they must moreover keep silence on all waves 
likely to interfere with the méssage. 

141.08. Question. Under what circumstances may the signal SECURITY 
be transmitted in radiotelephony? (Art. 24 § 26 [1].) 

Answer. The safety signal SECURITY announces that the station is about 
to transmit a message concerning the safety of navigation or giving important 
meteorological warnings. 

141.09. Question. The urgent signal sent by an aircraft and not fol- 
lowed by a message indicates what? (Art. 24 § 22 [4].) 

Answer. In the aeronautical service, the urgent signal PAN shall be used in 
radiotelegraphy and radiotelephony to indicate that the aircraft transmitting it is 
in trouble and is forced to land, but that it is not in need of immediate help. This 
signal should, so far as possible, be followed by a message giving additional 
information. 

141.10. Question. What obligation rests on an operator intercepting the 
signal PAN? (Art. 24 § 22 [5].) 

Answer. The urgent signal PAN shall have priority over all other communi- 
cations, except distress communications, and all mobile or land stations hearing it 
must take care not to interfere with the transmission of the message which follows 
the urgent signal. | 

151.01. Question. What procedure must be followed by a radio station 

receiving a distress call from a mobile station which is unquestionably in 
its vicinity? (Art. 24 §11 [1].) 
. Answer. Stations of the mobile service which receive a distress message from 
a mobile station which is unquestionably in their vicinity must acknowledge receipt 
thereof at once. If the distress call has not been preceded by an auto-alarm signal, 
these stations may transmit this auto-alarm signal with the authorization of the 
authority responsible for the station, taking care not to interfere with the trans- 
mission of the acknowledgment of the receipt of said message by other stations. 

151.02. Question. What essential information should be transmitted in a 
distress message? (Art. 24 §6 [1].) 

Answer. The distress call must be followed as soon as possible by the distress 
message. This message shall include the distress call followed by the name of the 
ship, aircraft, or the vehicle in distress, information regarding the position of the 
latter, the nature of the distress, the nature of the help requested, and any other 
further information which might facilitate this assistance. 

151.03. Question. By what authority may the operator of a ship or air- 
craft station transmit a distress call or message? (Art. 24 § 8.) 

Answer. The distress call and message shall be sent only by order of the master 
or person responsible for the ship, aircraft, or other vehicle carrying the mobile 
station. 

151.04. Question. What is the international distress signal to be used in 
radiotelephony? (Art. 24 §4 [1].) 

Answer. In radiotelephony, the distress signal consists of the spoken expres- 
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sion MAYDAY (corresponding to the French pronunciation of the expression 
m aider). 

151.05. Question. What does the interception of the word MAYDAY 
transmitted by telephony announce? (Art. 24 §4 [2].) 

Answer. The distress signal MAYDAY shall announce that the ship, aircraft, 
or any other vehicle which sends the distress signal is threatened by serious and 
imminent danger and requests immediate assistance. 

151.06. Question. Under the provisions of the treaty in transmitting dis- 
tress messages in case of an emergency what radio waves may be used by 
aircraft stations? (Art. 24 §3 [2].) 

Answer. Any aircraft in distress must transmit the distress call on the watching 
wave of the land or mobile stations capable of helping it; when the call is ad- 
dressed to stations of the maritime service, the waves to be used are the distress 
wave or watching wave of these stations. 

151.07. Question. State the priority of radio communications in the 
mobile service. (Art. 26.) 

Answer. The order of priority of radio communications in the mobile service 
shall be as follows: 

Distress calls, distress messages, and distress traffic. 

Communications preceded by an urgent signal. 

Communications preceded by a safety signal. 

Communications relative to radio direction-finding bearings.. 

Government radiotelegrams for which priority right has not been waived. 
. All other communications. 

151.08. Question. What information must be contained in a distress mes- 
sage transmitted in an emergency, from a radio station aboard aircraft 
flying over land? (Art. 24 §7 [3].) 

Answer. Asa general rule, an aircraft flying over land shall signal its position 
by the name of the nearest locality, its approximate distance from this point, 
accompanied, according to the case, by one of the words, North, South, East, or 
West, or, in some cases, words indicating intermediate directions. 

151.09. Question. What information must be contained in a distress 
message? (Art. 24 §6 [1].) 

Answer. See answer to Question 151.02. 

151.10. Question. After having sent its distress message, if an aircraft 
station is unable to signal its position, what procedure shall be followed to 
assist others in determining its approximate location? (Art. 24 §6 [2].) | 

Answer. If an aircraft, in its distress message, is unable to signal its position, 
it shall endeavor after the transmission of the incomplete message to send its call 
long enough so that the radio direction-finding stations may determine its position. 

161.01. Question. State at least two classes of stations which cannot be 
operated by the holder of a restricted radiotelephone operator permit. 
(R.&R. 13.61e.) 

Answer. (1) A restricted radiotelephone operator permit is not valid for the 
operation of any of the various classes of broadcast stations other than a relay 
broadcast station, 
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(2) The permit is not valid for the operation of a coastal telephone station or 
a coastal harbor station other than in the Territory of Alaska. 

(3) The permit is not valid for the operation of a ship station licensed to use 
type A-3 emission for communication with coastal telephone stations. 

161.02. Question. Under what conditions may the holder of a restricted 
radiotelephone operator’s permit operate a station for which the permit is 
waliar (R:&R. 13:61e.) 

Answer. A restricted radiotelephone operator’s permit authorizes the holder to 
operate any station while using type A-0, A-3, or A-4 emission, under the follow- 
ing conditions: 

(1) Such operator is prohibited from making adjustments that may result in 
improper transmitter operation. 

(2) The equipment is so designed that none of the operations necessary to be 
performed during the course of normal rendition of service may cause off-fre- 
quency operation or may result in any unauthorized radiation. 

(3) Any needed adjustments of the transmitter that may affect the proper oper- 
ation of the station are regularly made by or in the presence of an operator holding 
a first- or second-class license, either telephone or telegraph, who shall be respon- 
sible for the proper operation of the equipment. 

161.03. Question. State at least two classes of ship stations which the 
holder of a restricted radiotelegraph operator permit is prohibited from 
operating. (R.&R. 13.61f and R.&R. 2.53a, [2].) 

Answer. The exceptions which apply to a restricted radiotelegraph operator 
permit are 

(1) The permit is not valid for the operation of a ship station licensed to use 
type A-3 emission for communication with coastal telephone stations. 

(2) The license is not valid for the operation of a radiotelegraph station on 
board a vessel required by treaty or statute to be equipped with a radio installation. 

161.04. Question. Who is permitted to make adjustments or tests in the 
presence of the licensed operator responsible for the maintenance of the 
transmitter and under his responsibility for the proper Slat of the 
equipment? (R.&R. 13.63.) 

Answer. The licensed operator responsible for the maintenance of a transmitter 
may permit other persons to adjust a transmitter in his presence for the purpose of 
carrying out tests or making adjustments requiring specialized knowledge or skill, 
provided that he shall not be relieved thereby from the responsibility for the proper 
operation of the equipment. 

161.05. Question. Within what period of time must any person receiving 
official notice of a violation of the terms of the Communications Act of 
1934, as amended, Treaty, or Rules and Regulations of the Commission be 
required to answer such notice? (R.&R. 1.391.) 

Answer. Within a period of 3 days. 

171.01. Question. What is the obligation of an operator whose license or 
permit has been lost, mutilated, or destroyed? GR: Soe l3s74.) 

Answer. An operator whose license or permit has been lost, mutilated, or 
destroyed shall immediately notify the Commission. A sworn application for 
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duplicate should be submitted to the office of issue embodying a statement attesting 
to the facts thereof. If a license has been lost, the applicant must state that 
reasonable search has been made for it, and further, that, in the event it be found, 
either the original or the duplicate will be returned for cancellation. The applicant 
must also give a statement of the service that had been obtained under the lost 
license. 

171.02. Question. How may the holder of a radiotelegraph or radiotele- 
phone first- or second-class license indicate to representatives of the Com- 
mission that he is legally qualified to adjust equipment operated by holders 
of restricted radiotelephone operator permits? (R.&R. 13.75.) 

Answer. The holder of a radiotelegraph or radiotelephone first- or second-class 
license who is employed as a service and maintenance operator at stations operated 
by holders of restricted operator permits shall post at such stations his operator 
license or a verified statement from the Commission in lieu thereof. | 

171.03. Question. How may an operator show proof of his legal quali- 
fications to operate a radio transmitter? (R.&R. 2.52.) 

Answer. The original license of each station operator shall be posted at the 
place where he is on duty or kept in his possession in the manner specified in the 
regulations governing the class of station concerned. 

171.04. Question. What is an operator of a radio station, who has sub- 
mitted his license for renewal or applied for a duplicate license, required 
to exhibit as his authority to continue operation of the station pene 
receipt of the license? (R.&R. 13.72.) 

Answer. When a duplicate operator license or permit has been requested, or 
request for renewal upon service has been made, the operator shall exhibit in lieu 
thereof a signed copy of the application for duplicate, or renewal, which has been 
submitted by him. 

171.05. Question. What is the holder of a radiotelegraph or radiotele- 
phone first- or second-class license, who is employed as a service and main- 
tenance operator at stations operated by holders of restricted operator per- 7 
mits, obligated to post at the stations? (R.&R. 13.75.) 

Answer. See answer to Question 171.02. 

181.01. Question. How may corrections be made ina log? (R.&R. 2.57.) 

Answer. Any necessary correction may be made only by the person originating 
the entry, who shall strike out the erroneous portion, initial the correction made, 
and indicate the date of correction. 

181.02. Question. Is it lawful to erase an entry made in a station log? 
(R.&R. 2.57.) 

Answer. No log or portion thereof shall be erased, obliterated, or willfully 
destroyed within the period of retention provided by the rules. 

181.03. Question. What are the Commission’s requirements with regard 
to the retention of a radio station log? (R.&R. 2.54.) 

Answer. Logs of a radio station, when required elsewhere in the rules and 
regulations to be made or kept, shall be retained by the licensee for a period of 
1 year unless otherwise provided by the rules governing the particular service or 
class of station concerned. 
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181.04. Question. How long must the licensee retain a station log which 
involves communications incident to a disaster? (R.&R. 2.54.) 

Answer. Logs involving communications incident to a disaster, or which include 
communications incident to or involved in an investigation by the Commission and 
concerning which the licensee has been notified, shall be retained by the licensee 
until specifically authorized in writing by the Commission to destroy them. 

181.05. Question. What is the Commission’s rule with regard to rough 
logs? (R.&R. 2.58.) | 

Answer. Rough logs may be transcribed into condensed form, but in such 
cases the original log or memoranda and all portions thereof shall be preserved 
and made a part of the complete log. 

191.01. Question. What procedure should one follow if he desires to 
resist an order of suspension of his operator’s license or permit? (Sec. 303m 
and R.&R. 1.411 and 1.412.) 

Answer. ‘The operator in question may make written application to the Com- 
mission at any time within 15 days for a hearing upon an order of suspension of 
his operator’s license or permit. The suspension of the operator’s license is not 
effective until the notice is actually received by him, and from that time he is 
given 15 days in which to mail the application for a hearing. In the event that 
physical conditions prevent mailing of the application at the expiration of the 
15-day period, the application shall then be mailed as soon as possible thereafter, 
accompanied by a satisfactory explanation of the delay. 

191.02. Question. What is the responsibility of a licensee of a radio 
station with respect to permitting it to be inspected by representatives of 
the Commission? (R.&R. 2.48.) 

Answer. The licensee of any radio station shall make the station available for 
inspection by representatives of the Commission at any reasonable hour and under 
the regulations governing the class of station concerned. 

191.03. Question. Who is responsible for control of distress traffic? 
(Art. 24 §14 and R.&R. 2.60.) 

Answer. The control of distress traffic shall devolve upon the mobile station in 
distress, or upon the mobile station which by application of the provisions govern- 
ing retransmission of a distress message has sent the distress call. These stations 
may delegate the control of the distress traffic to another station. 


Note. See answer to Question 101.01 for provisions governing the retransmission of dis- 
tress messages. 


191.04. Question. Are logs subject to inspection by representatives of 
the Commission? (R.&R. 2.55.) 

Answer. Yes, logs shall be made available upon request by an authorized rep- 
resentative of the Commission. 

191.05. Question. By whom may the log of a radio station be kept? 
(R.&R. 2.55.) 

Answer. Each log shall be kept by the person or persons competent to do so, 
having actual knowledge of the facts required, who shall sign the log when starting 
duty and again when going off duty. 
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101.01. Question. Under what conditions may a distress message be 
retransmitted? (R.&R. 2.61.) | 

Answer. Any station which becomes aware that a mobile station is in distress 
may transmit the distress message in the following cases: 

(a) When the station in distress is not itself in a position to transmit the 
message. 

(b) In the case of mobile stations, when the Master or the person in charge of 
the ship, aircraft, or other vehicle carrying the station which intervenes believes 
that further help is necessary. 

(c) In the case of other stations, when directed to do so by the station in con- 
trol of distress traffic or when it has reason to believe that a distress call which 
it has intercepted has not been received by any station in a position to render aid. 

101.02. Question. What tolerance in operating power is permissible 
under normal circumstances? (R.&R. 2.80.) 

Answer. The operating power of all radio stations shall be maintained within 
the following tolerance of the assigned power: 

1. When the maximum power only is specified, the operating power shall not 
be greater than necessary to carry on the service and in no event more than 5 per 
cent above the maximum power specified. 

2. When the exact power is specified, the operating power shall not be more. 
than 5 per cent above or less than 10 per cent below such power. 

101.03. Question. Under what conditions may a station be operated in a 
manner other than that specified in the station license? (R.&R. 2.63.) 

Answer. Operation during emergency. The licensee of any station, except 
amateurs, may, during a period of emergency in which the normal communication 
facilities are disrupted as a result of a hurricane, flood, earthquake, or similar 
disaster, utilize such station for emergency communication service in communicat- 
ing in a manner other than that specified in the station license, provided (1) that 
as soon as possible after the beginning of such emergency use notice be sent to 
the Commission in Washington, D. C., and to the Inspector in Charge of the 
district in which the station is located, stating the nature of the emergency and the 
use to which the station is being put, and (2) that the emergency use of the 
station shall be discontinued as soon as substantially normal communication facili- 
ties are again available and the Commission in Washington, D. C., and the In- 
spector in Charge be notified immediately when such special use of the station is 
terminated. The Commission may at any time order the discontinuance of such 
service. 

101.04. Question. What is the Commission’s rule with respect to meas- 
urement of the radio station frequency? (R.&R. 2.75.) 

Answer. The licensee of each station shall provide means for the measurement 
of the station frequency. The measurement of the station frequency shall be made 
by a means independent of the frequency control of the transmitter and shall be 
conducted in accord with the regulations governing the class of station concerned. 

101.05. Question. When may operation be resumed after a station has 
been notified to cease transmission because of interference to distress traf- 
fic? GR.&R: 72.62.) 
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Answer. No station having been notified to cease operation shall resume oper- 
ation on frequency or frequencies which may cause interference until notified by 
the station issuing the original notice that the station involved will not interfere 
with distress traffic as it is then being routed or until receipt of a general notice 
that the need for handling distress traffic no longer exists. 


ELEMENT 2 
BASIC THEORY AND PRACTICE 


2.1. Question. By what other expression may a “difference of potential” 
be described? 

Answer. Expressions commonly used instead of “difference of potential” are 
as follows: electromotive force; e.m.f.; voltage; voltage drop; JR drop; fall of 
potential. 

2.2. Question. By what other expression may an “electric current flow” 
be described ? 

Answer. Electron flow. Another convenient expression for electric current 
flow is amperage. 

2.3. Question. Which factors determine the amplitude of the e.m.f. in- 
duced in a conductor which is cutting magnetic lines of force? 

Answer. The factors are as follows: number of lines of force, or flux density ; 
rate of cutting the lines; angle at which the conductor cuts across or through the 
flux; length of the conductor. 

2.4. Question. Name four methods by which an electrical potential may 
be generated. 

Answer. (1) Dynamic. Example: by mechanical motion, as in generators. 
(2) Chemical. Example: by chemical action, as in batteries. (3) Friction. E-x- 
ample: static electricity. (4) Thermal. Ewvample: by heat produced when current 
flows across a thermal junction composed of two dissimilar metals. 

2.5. Question. If the diameter of a conductor of given length is doubled, | 
how will the resistance be affected? 

Answer. The resistance will be decreased four times, or will be one-fourth of 
the original resistance. 


Discussion. This statement is true because the cross-sectional area of the conductor varies 
directly as the diameter squared, or A « d’, and the resistance of the conductor is inversely 
proportional to the cross-sectional area. Note that the sign «a means “varies as.” 


2.6. Question. If the value of a resistance, to which a constant e.m.f. is 
applied, is halved, what will be the resultant proportional power dissi- 
pation? 

Answer. The resultant power dissipation will be two times greater, or doubled. 


Discussion. This deduction follows because reducing the resistance one-half results in twice 
the current flow and with the voltage unchanged the wattage will be doubled. 


2.7. Question. What method of connection should be used to obtain the 
maximum no-load output voltage from a group of similar cells in a storage 
battery? 

12 
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Answer. Series connection. 

2.8. Question. What is the sum of all voltage drops around a simple d-c 
series circuit, including the source? 

Answer. Zero, by Kirchhoff’s second law. 


Discussion. The voltage drops around a simple d-c series circuit add up algebraically to 
equal zero, since the voltage drop in the source or generator is considered a negative value, 
whereas the voltage drops in the load circuit are positive values. 


2.9. Question. What method of connection should be used to obtain the 
maximum short-circuit current from a group of similar cells in a storage 
battery? 

Answer. Parallel connection. 7 

2.10. Question. If the value of a resistance, across which a constant 
e.m.f. is applied, is doubled, what will be the resultant proportional power 
dissipation? 

Answer. One-half of the original power dissipation. 

2.11. Question. (a) Name four materials which are good insulators at 
radio frequencies. (b) Name four materials which are not good insulators 
at radio frequencies but which are satisfactory for use at commercial power 
frequencies. 

Answer. (a) Isolantite, micalex, steatite, pyrex. (b) Glass, rubber, fiber, 
porcelain. 

2.12. Question. Explain the factors which influence the resistance of a 
conductor. 

Answer. Kind of material; cross-sectional area; length; temperature. 

2.13. Question. What effect does the cross-sectional area of a conductor 
have upon its resistance per unit length? 

Answer. The resistance, R, is oak proportional to the cross-sectional area, 
A,or R«1/A. The sign o means “varies as.” 


Discussion. For example, if the cross-sectional area of a conductor of given length is made 
four times as great its resistance will be lowered to one-fourth of the original value. 

Another way of stating this relationship is that the resistance per unit length varies directly 
as the reciprocal of the cross-sectional area. See Question 2.5. 


2.14. Question. Name five conducting materials in the order of their 
conductivity. 

Answer. Silver, copper, aluminum, pure iron, and lead. 

2.15. Question. What effect does a change in the dielectrie constant of 
a condenser dielectric material have upon the capacitance of a condenser? 

Answer. The capacitance, C, varies directly as the dielectric constant, k. Since 
C a k, then increasing the dielectric constant will increase the capacitance in the 
same proportion, and likewise, decreasing k will decrease C in the same proportion. 

2.16. Question. Explain the effect of increasing the number of plates 
upon the capacitance of a condenser. 

Answer. Increasing the number of plates will increase the effective area of the 
plates, which increases the capacitance. 
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2.17. Question. State the formula to determine the capacitive reactance 
of a condenser. 


Answer. Xo = ohms. This is the basic form with C in farads. 


2nfC 
Discussion. Also, since 2xf may be expressed by the symbol omega, w, the formula may be 


1 
written Xo = —-: 
we 


The following formula is of more practical use because capacitance, most gen- 
erally expressed in microfarads, may be inserted directly without converting micro- 


farads to farads. 
6 


Dont 


2.18. Question. If the specific inductive capacity of a condenser dielec- 
tric material between the condenser plates were changed from 1 to 2, what 
would be the resultant change in capacitance? 

Answer. Capacitance would be doubled. 

2.19. Question. State the formula for determining (a) the quantity or 
charge of a condenser, and (b) the energy stored in a condenser. 

Answer. (a) Q =C X E, where C is in farads, Q in coulombs, and £ in volts. 
The following formula is used where C is given in microfarads, 


Os ODei xal Uns. 


(b) The formula for energy stored is (W) Joules = 44CE?. 

2.20. Question. Neglecting temperature coefficient of resistance and 
using the same gauge of wire and the same applied voltage in each case, 
what would be the effect, upon the field strength of a single layer solenoid, 
of a small increase in the number of turns? 

Answer. A small increase in the number of turns would produce a decrease in 
field strength with the same voltage applied. 

Assuming a constant applied d-c voltage, the field strength at the center of the 
solenoid varies inversely with the number of turns. Hence, a small increase in 
the number of turns would produce a decrease in field strength, which applies to 
the question as stated. In the event the current remained constant, or practically 
unchanged, and the length of the coil was not affected then an increase in the 
number of turns would produce an increase in field strength. 


XC ohms, where C is in microfarads. 


Discussion. A discussion on this question for both a.c. and d.c. follows: As a basis for 
discussion we shall use the formula for the field intensity at the middle of a solenoid. This 
formula applies when the length is much larger than the diameter, that is, a long solenoid. 


0.4rNI where N = number of turns, 
had I = current in amperes, 
1 = length in centimeters, 
H = field strength in gilberts per centimeter. 


The formula for H is again expressed for the two conditions, namely, when using the 
initial number of turns, and after change, or 


ELEMENT 2 _ BASIC THEORY AND PRACTICE 15 


0.404 Mili 0.41 Nelo or 4 ve 
H, = ee and He = cats ot where subscript 1 indicates the initial condition and 
1 : subscript 2 is the condition after change; or 
Hz Nolols ae 
Hy Mille 


Now two cases are discussed, one giving the d-c solution and the other the a-c solution. 
Case 1. D-C Solution: - 


E 
My 
Ig OM eae : 
—~=—— =7 (Resistance assumed to vary as the number of turns, NV) 
Pee” Ne 
Ry 
l l N. | 
Sa (Length assumed to vary as number of turns, N) 
lp Na } Ne 
My" 


Substituting in Equation 1 
eee No Nt Ni M 


Assuming a constant applied d-c voltage, the field strength, H, at the center of a solenoid 
varies inversely with the number of turns. Hence, a small increase of the number of turns 
would cause a decrease in H. It should be noted that the foregoing applies to the problem 
as stated. In the event the current remained constant and the length of the coil was not 
affected, then an increase in the number of turns would cause an increase of H in accordance 
with H2/H: = N2/Nx:. 

Case 2. A-C Solution: 


E 
N 2 
w (=: Ly t 

To MN, MN sr das : F 
Se = || (Reactance predominating and inductance, L, varying as 
I 1 E N. 2 

Eads N°) 

wl 
l 1 N 
a (Length assumed to vary as N) 


le (=) Ne 
mn 
MN 


Substituting in Equation 1 
He  Nof™1 Gs : 
Ay Ni No No Ne 
Assuming a constant applied a-c voltage, the field strength, H, at the center of the solenoid 
varies inversely as the square of the number of turns. Hence, an increase in the number of 
turns, as stated, will cause a considerable decrease in H. (Again it should be noted that if 
the current rather than the voltage is held constant and further, if the length of the coil is not 


affected, then an increase in the number of turns will produce an increase in H in accordance 
with H2/H:i = N2/Ni.) 


2.21. Question. How may a magnetic compass be affected when placed 
within a coil carrying an electrical current? 
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Answer. The compass needle will arrange itself at right angles to the current 
flow and line up along the axis of the coil with the north pole pointing toward 
the south pole end of the coil. 

2.22. Question. What materials may be used for shielding a radio-fre- 
quency magnetic field? : 

Answer. Aluminum and copper are two commonly used materials. Other ma- 
terials, such as brass and white metal, having low resistance characteristics are 
also found in use. 

2.23. Question. What is the advantage to be gained by “bank winding” 
an inductance? . 

Answer. Reduction of distributed capacitance. 

2.24. Question. Which factors influence the direction of magnetic lines 
of force generated by an electromagnet? 

Answer. Direction of the current flow through the turns and the manner in 
which the turns are wound. 

2.25. Question. Explain the meaning of and factors which determine the 
“O” or “figure of merit” of an inductance. 

Answer. The “Q” value of an inductance (that is, an inductance coil) is the 
ratio of apparent inductive reactance to effective or a-c resistance. The expression 


for QO is 


ae ae , where f = frequency in cps (cycles per second), 
L = inductance in henrys, 
R, = effective high-frequency resistance in ohms. 


2.26. Question. Define the term “permeability.” 

Answer. “Permeability” is the specific conductivity of a substance for magnetic 
flux, the magnetic conductivity of air being used as a standard basic unit for com- 
parison, Permeability from a practical viewpoint may be considered as the rela- 
tive ease with which magnetic lines can be set up in a magnetic material in com- 
parison with the same lines being set up in air. 

2.27. Question. What unit is used in expressing the alternating-current 
impedance of a circuit? 

Answer. Ohm. 

2.28. Question. What is the unit of resistance? 

Answer. Ohm. 

2.29. Question. Explain the meaning of the prefix “micromicrofarad.” 

Answer. The prefix “micromicro” means one-millionth of one-millionth part 
of a farad. A farad multiplied by 10-1? expresses the same thing. 

2.30. Question. What is the unit of capacitance? 

Answer. Farad. 

2.31. Question. What single instrument may be used to measure (a) 
Electrical resistance? (b) Electrical power? (c) Electrical current? (d) 
Electromotive force? 

Answer. (a) Ohmmeter. (b) Wattmeter. (c) Ammeter. (d) Voltmeter, 


7 aol A 
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2.32. Question. Define the term “residual magnetism.” 

Answer. “Residual magnetism” is the magnetism remaining in a magnetized 
substance after the magnetizing force has been removed. 

2.33. Question. What is the unit of electrical power? 

Answer. Watt. : 

2.34. Question. What is the unit of conductance? 

Answer. Mbho. 

2.35. Question. What is the unit of inductance? 

Answer. Henry. 

2.36. Question. What is the meaning of the prefix “kilo’’? 

Answer. “Kilo” means 1000, or one thousand times the quantity following the 
prefix. For example: One kilowatt equals 1000 watts. 

2.37. Question. What is the meaning of the prefix “micro”? 

Answer. “Micro” means one-millionth part of a quantity, or 10~°. 

2.38. Question. What is the meaning of “power factor’’? 

Answer. “Power factor” is the ratio of the active power to the apparent power. 

The apparent power (volts X amperes) must be multiplied by the power factor 
in order to determine the active or true power. 

The value of the power factor is indicated by the cosine of the phase angle 
formed when current and voltage are not in phase; written “cos 6.” The resistance 
divided by the impedance of an a-c circuit equals the power factor, thus p.f. = R/Z. 

2.39. Question. What is the meaning of the prefix “meg”? 

Answer. “Meg” means 1,000,000, or one million times the quantity following 
the prefix. For example, one million ohms equals one megohm. 

2.40. Question. Define the term “conductance.” 

Answer. Conductance, G, is the reciprocal of resistance, R, or G=1/R. The 
term indicates that property of a conductor which allows a current to flow; and 
since different conductors permit different degrees of freedom to the current, the 
conductors can be compared as to their conductivity. In a practical sense con- 
ductance indicates the relative ease with which a conductor will pass an electric 
current and is, therefore, the opposite to the meaning of resistance. 

2.41. Question. What instrument is used to measure current flow? 

Answer. Ammeter. An ammeter designed to indicate small currents is called 
a milliammeter, and one for very small currents a microammeter. 

2.42. Question. Define the term “decibel.” 

Answer. The unit decibel is used to express the logarithmic ratio between two 
electrical power levels or two sound power levels, or it may be used to express the 
ratio between two voltages or two currents acting in the same or equal impedances. 

Note that only a ratio or comparison between two intensities or values is indi- 
cated and not their actual values. The first formula below gives the number of 
decibels, db, corresponding to the ratio between two amounts of power, P; and Pa, 
while the second and third formulas give the number of decibels which would 
indicate the ratio of the relative values, respectively, of two voltages and two 
currents. Note that » is the number of decibels denoting these ratios. 


P. E i 
(1) nm = 10 logio db (2) n = 20 logio db (3) n = 20 logio — db 
Po, Eg Tp 
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2.43. Question. What is meant by “ampere turns’? © 

Answer. “Ampere turns” is a practical term used to indicate a magnetomotive 
force set up by a current flowing through the turns of a coil as given by the fol- 
lowing expression where N is the number of turns and / is the current, or 


Ampere turns = N X I 


2.44. Question. Define the term “inductance.” 

Answer. “Inductance” is the property of an electric circuit, or of two neighbor- 
ing circuits, which determines the electromotive force induced in one of the circuits 
by a change of current in either of them. (A.I.E.E. definition.) 


Discussion. Another term, “self inductance,” is closely related to the term “inductance.” 
The definition of “self inductance” is as follows: “Self inductance” is the property of an elec- 
tric circuit which determines, for a given rate of change of current in the circuit, the electro- 
motive force induced in the same circuit. (A.I.E.E. definition.) 


2.45. Question. Define the term “coulomb.” 

Answer. A “coulomb” is the quantity of electricity which passes any section of 
an electric circuit in 1 second when the current is 1 ampere. Hence, a coulomb is 
a unit quantity of electricity equal to 1 ampere per second. Defining a coulomb in 
terms of an electron, 1 coulomb equals 6.28 times 10'8 electrons. 

2.46. Question. Define the term “power factor.” 

Answer. The term “power factor” indicates the phase difference, or phase 
angle, between current and voltage acting in a circuit containing reactance elements. 
In other words, the power factor is the cosine of the phase angle because the 
apparent power, or E x J, must be multiplied by this factor to obtain the true 
power. Also, since the power factor is always unity, or one (1), in a®purely 
resistive circuit and less than one with reactive elements, the ratio of the resistance 
to the impedance of an a-c circuit is the power factor, or 


2.47. Question. What is the unit of magnetomotive force? 
Answer. The unit of magnetomotive force is the “gilbert” in the CGS electro- 
magnetic system, or the “ampere-turn” in the practical system. 


1 ampere-turn = 1.257 gilberts 


2.48. Question. Express 1 horsepower in watts. 

Answer. One horsepower is equal to 746 watts. 

2.49. Question. State the three ordinary mathematical forms of Ouse 
law. 

Answer. The relationship between voltage, current, and resistance may be ex- 
pressed in three different forms: 


S| 


(yee ye ear 3) R= 


R 
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2.50. Question. State Ohm’s law. 

Answer. The current in a circuit is directly proportional to the voltage applied 
and inversely proportional to the resistance of the circuit. 

2.51. Question. If a vacuum tube having a filament rated at one-quarter 
ampere and 5 volts is to be operated from a 6-volt battery, what is the value 
of the necessary series resistor? 

Answer. 4 ohms. 

Solution: The series resistor must drop the voltage 1 volt and the current through 
it is the same as the filament. Applying the known values in Ohm’s law to find 
resistance, we have 


2.52. Question. If the voltage applied to a circuit is doubled and the 
resistance of the circuit is increased to three times its former value, what 
will be the final current value? 

Answer. The final current value will be two-thirds of the initial current value. 

Solution: The proportion expressed by Ohm’s law which gives this answer is 
the formula used to find current. Then multiply E by 2 (that is, doubled) and 
multiply R by 3, or 


2.53. Question. If a relay is designed to operate properly from a 6-volt 
d-c source, and if the resistance of the winding is 120 ohms, what value of 
resistance should be connected in series with the winding if the relay is 
to be used with a 120-volt d-c source? 

Answer. 2,280 ohms. 

Solution: The series resistor must drop the voltage 114 volts, or the difference 
between the new line voltage, 120 volts, and the rated operating voltage of the 
relay, 6 volts. Also, this resistor must pass the same current as the relay is rated 
to take, which is found by using J = E/R, or 6/120, or 0.05 ampere. Having 
found the required’ voltage drop across the resistor, 114 volts, and the current 
through it, 0.05 ampere, the value of this resistor then will be given by using 
R = E/I, or 114/0.05, or 2,280 ohms. 

2.54. Question. What should be the minimum power dissipation rating 
of a resistor of 20,000 ohms to be connected across a potential of 500 volts? 

Answer. The actual power dissipation would be 12.5 watts, but such a resistor 
would be rated higher in practice, or about 50 watts, to allow for a good margin 
of safety and to ensure long life. In general, resistors are operated at about Zoopen 
cent of their maximum watt dissipation rating and at about 75 per cent of their 
maximum current carrying capacity rating. 

Solution: First find the current, or J = E/R, 500 + 20,000, or 0.025 ampere. 
Now insert the J and E values in the watt formula, or W = I X E, or 0.025 x 500, 
or 12.5 watts. 
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2.55. Question. If resistors of 5, 3, and 15 ohms are connected in parallel, 
what is the total resistance? . 
Answer. Total resistance is 124 ohms, or 1.666 ohms. 
1 1 1 


1 
Solution: Apply. the formula :—=— = — ce ta 
URO) REG Ry Peas 


1 LW See 
Retin fice don > aL ae Pane eh ei 


Therefore, by inverting 1/R to R/1, we have 
. 
1 


3 = 12 ohms 

2.56. Question. What is the maximum rated current carrying capacity of 
a resistor marked “5,000 ohms, 200 watts”? 

Answer. The maximum rating is 0.2 ampere. 


W IW 
Solution: Since W = I?R, then I? = R? On l= R- Now substituting known 
values for W and R we get 


200 
I =~«/—— = V 0.04 = 0.2 ampere 
5,000 
2.57. Question. Show how you would use a wave-trap to exclude an 
undesired radio signal from a receiver. 
Answer, Figure 1 shows two types of wave-traps. 


WAVE TRAP 
Pratl eee) 


| 

| 
eat WAVE TRAPY, 
rg ee. 


RECEIVER 
INPUT 


RECEIVER 
INPUT 


eee ee ee ee ee ee 


Peony 
== (a) =—tay TMD) 
Fic. 1. Wave-traps for input to receiver. 


2.58. Question. A milliammeter with a full-scale deflection of 1 milli- 
ampere and having a resistance of 25 ohms was used to measure an unknown 
current by shunting the meter with a four (4) ohm resistor. It then read 
0.4 milliampere. What was the unknown current value? . 

Answer. 2.9 milliamperes. 
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Solution: The proportion of current in the meter compared to the shunt is 25 + 
4, or 6.25 times more current in the shunt. Hence, the current in the shunt on full- 
scale deflection will be 1 X 6.25, or 6.25 milliamperes, and the total current through 
both meter and shunt on full-scale deflection will be 1 + 6.25, or 7.25 milliamperes. 
If the meter now reads only 0.4 of its full-scale value the current in the shunt 
~ also will be 0.4 of its former value, and therefore the new total current taken by 
meter and shunt will be 7.25 x 0.4 = 2.9 milliamperes. 

2.59. Question. What will be the heat dissipation, in watts, of a resistor 
of 20 ohms having a current of one-quarter (0.25) ampere passing through 
it? 

Answer. 1.25 watts. 

Solution: Use the power formula: 


We ae — 20 20 = U2 xX 20 1.25 watts. 


2.60. Question. If two 10-watt, 500-ohm resistors are connected in paral- 
lel, what are the power dissipation capabilities of the combination? 

Answer. 20 watts. The total power dissipating capabilities of resistors in 
parallel or series are equal to the sum of their individual ratings. 

2.61. Question. What is the formula used to determine the total capaci- 
tance of three or more capacitors connected in series? 

Answer. 


c a = 
total 1 1 


2.62. Question. What is the formula for determining the capacitive re- 
actance of a condenser? : 
Answer. 


Cys where Xc¢ = capacitive reactance in ohms, 
f = frequency in cycles per second, 


C = capacitance in farads. 


eas 
QnfC ’ 


Where the capacitance is given in microfarads with the other units the same as 
indicated above, the formula is written as follows: 

10° 

aC, 


C 


2.63. Question. If condensers of 1, 3, and 5 microfarads are connected in 
parallel, what is the total capacitance? 
_ Answer. 9 micromicrofarads. In parallel combination the total capacitance is 
equal to the sum of the individual capacitors. 

2.64. Question. What is the formula used to determine the total capaci- 
tance of three or more condensers connected in parallel? 


Answer. 
Ctotal = Ci + Co + Cs, ete. 
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2.65. Question. If condensers of 5, 3, and 7 microfarads are connected in 
series, what is the total capacitance? 

Answer. 1.478 microfarads. 

Solution: For simplicity in writing the formula and illustrating how the problem 
may be worked out we use first the reciprocal of the total capacitance, or 1/Ctotai, 
and then invert both sides of the equation to find the total, thus 


LN SL eae Mee res BO ob ee 
CRED CAO ERE AS 105 


1 
gad 105 | 105 105 


71 : 
= ——, then by inverting both members we get 


Si ; 
mia CH Os 


105 
Con ap = 1.478 microfarads 
2.66. Question. The charge in a condenser is stored in what portion of 
the condenser? 
Answer. The charge in a condenser is stored in the dielectric and is given by 


Q=CXE, where C = capacitance in farads, 
E = voltage in volts, 
Q = charge in coulombs. 
In turn 


C =k X Cair, Where Cai; = condenser capacitance with air as a dielectric, 
k = dielectric constant of material between plates. 


2.67. Question. Having available a number of condensers rated at 400 
volts and 2 microfarads each, how many of these condensers would be 
necessary to obtain a combination rated at 1,600 volts and 1.5 microfarads? 

Answer. 12 condensers. This combination would consist of three parallel 
branches with each branch consisting of 4 condensers in series. 

2.68. Question. The voltage drop across an individual condenser of a 
group of condensers in series across a source of potential is proportional 
to what factors? 

Answer. The voltage drop across the individual condenser is inversely propor- 
tional to its capacitance; also, the voltage drop across the individual condenser is 
directly proportional to the voltage applied across as condenser combination in 
series. 

2.69. Question. What factors determine the charge stored in a con- 
denser? 

Answer. The factors are the capacitance of the condenser and the impressed 
voltage across it. Apply formula Q = CE. . 

2.70. Question. Given two identical mica condensers of 0.1 microfarad 
capacity each. One of these is charged to a potential of 125 volts and dis- 
connected from the charging circuit. The charged condenser is then con- 
nected in parallel with the uncharged condenser. What voltage will appear 
across the two condensers connected in parallel? 
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Answer. 62.5 volts. 


Explanation. In any combination of capacitances in parallel, the voltage for each is the 
same. When one is charged and then connected to others the total charge remains unchanged, 
assuming no losses. 

Case 1: For the given problem with only one condenser charged and the capacitance equal 
to 0.1 microfarad. 


Q = CE; = 0.1 X 10-® & 125 = 12.5 & 10-® coulombs 


Case 2: In the second case where the charged condenser is connected to the uncharged one 
and the capacitance is doubled, or 0.2 microfarad, for this parallel connection. 


O-=42'5'x110-5 

C=O 10 

Since Q = CE and substituting for Q and C from above 
£25 102°. = 0-2) 105 "Es 


gal2Sel10.* 


E See fe ee es 
ALO NCMOe® 


= 62.5 volts 
2.71. Question. State the formula which is used in determining the re- 
actance of an inductance. 
Answer. 
Xz, = 2xfL, where L = inductance in henrys. 


2.72. Question. What will be the inductive reactance of a 30-henry choke 
coil at 100 cycles? 
Answer. 18,840 ohms. 


Solution: Insert known values in formula 
Xr = InfL 
= 6.28 X 100 X 30 = 18,840 ohms 


2.73. Question. What is the effect of adding an iron core to an air core 
inductance? 

Answer. The inductance of the coil will be increased. It is possible to obtain 
a large inductance with a coil of comparatively small physical dimensions by the 
use of an iron core because the iron greatly increases the number of lines of force, 
or flux, set up by a given magnetomotive force. 

2.74. Question. What will be the effect of a shorted turn in an induct- 
ance? 

Answer. A shorted turn greatly increases the effective resistance. This is 
particularly true at high frequencies. The inductance is reduced in this case. By 
consequence of these two effects the coil Q is vastly reduced. At high frequencies 
C is reflected into the coil owing to the shorted turn affecting the distributed 
capacitance. Hence, the L, C, and R values of the coil are changed. A shorted 
turn would cause overheating with possible burnout if a large current were handled 
by the coil. | 


2 «A, 
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2.75. Question. What is the relationship between the number of turns 
and the inductance of a coil? 

Answer. The inductance, L, is proportional to the number of turns squared, N?. 

2.76. Question. Define the term “reluctance.” 

Answer. “Reluctance” applies to a magnetic circuit and is the opposition to 
the establishment of magnetic lines of force, or magnetic flux. 


Discussion. For a given medium reluctance is defined by: 


l : 
R= a where / = length of path in cm., 
e A = area of cross section in sq. cm., 
mw = permeability of medium, 


@ = reluctance in oersteds. 


Reluctance in a magnetic circuit is analogous to resistance in the Ohm’s law circuit. This is 
apparent from the following: 
MMF : one: 
¢@ = ——,, where MMF = magnetomotive force in gilberts, 
R ®@ = reluctance in oersteds, 
o¢ = magnetic flux in maxwells. *- 


It is also to be noted that MMF = 0.4 X N X I, where N is the number of turns, J the current 
in amperes, and MMF the magnetomotive force in gilberts. 


II 


2.77. Question. What are some of the factors which determine the “fig- 
ure of merit” or “QO” of an inductance? 

Answer. Some of the factors are frequency, inductance, and effective high- 
frequency resistance as suggested by the “Q” formula. Other factors in general 
which determine the “Q” of a coil are the geometrical form of the coil; rts distrib- 
uted capacity; the kind of material used in the winding, giving it a certain ohmic 
resistance; type of winding; the influence of any materials within the field of the 
coil, such as coil forms possessing dielectric losses; coupled circuits which effect 
R; nature of the core, whether air or ferromagnetic. “ 


Discussion. The figure of merit, or Q, of an inductance is given by the ratio of reactance, 
X, to resistance, FR, or j 


—, wherew = 2zf, 
K f = frequency in cps, 
L = inductance in henrys, 
R = effective resistance in ohms, 


In regard to the effective resistance, R, there are three considerations: In air core coils 
this is just the a-c resistance of the winding; in ferromagnetic coils it includes the influence 
of the eddy current and hysteresis losses; and in a coil coupled to any circuit, then R must 
include effects of this coupling. 


2.78. Question. State the formula for determining the resonant fre- 
quency of a circuit when the inductance and capacitance are known. 
Answer. 


1 Lo 
f = ——._ where f = frequency in cps, : 


2a VLC L = inductance in henrys, 
C = capacitance in farads. 
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2.79. Question. What is the formula for determining the power in a d-c 
circuit when the voltage and resistance are known? 
Answer. 


, where P = power in watts, 
P= oii: 11 VOLS, 
R = resistance in ohms. 


2.80. Question. What is the formula for determining the power in a d-c 
_ circuit when the current and the resistance are known? 
Answer. — 
P =I*R, where P = power in watts, 
I = current in amperes, 
R = resistance in ohms. 


2.81. Question. What is the formula for determining the power in a d-c 
circuit when the current and voltage are known? 
Answer. 
7 “y P=FEI, where P = power in watts, 
FE = emf. in volts, 
I = current in amperes. 


2.82. Question. What is the formula for determining the wavelength 
when the frequency, in kilocycles, is known? 


Answer. 
ve } 
700” where \ = wavelength in meters, 
fx 1, V = velocity of radio wave in space, or 300,000,000 meters 


per second, 
f = frequency in kilocycles. 


The formula may also be written as follows where velocity, 300,000,000, is first 
divided by 1,000 to give 300,000 and with the given frequency in kilocycles in- 
serted for f, thus, 


300,000 
No i meters 


2.83. Question. What is the frequency corresponding to a wavelength of 
375 meters? . 

Answer. 800 kilocycles, or 800,000 cycles. 

Computation: The wavelength formula to find frequency is f = V +X. Insert- 
ing known values, then f = 300,000,000 + 375 = 800,000 cycles. 

2.84. Question. Define the term “apparent power.” 

Answer. The “apparent power” in an a-c circuit is the power that would be 
indicated from multiplying volts by amperes, neglecting the power factor. 

Discussion. In a purely resistive circuit, or one without reactance effects, the product of 


volts times amperes gives the true power. In a circuit with reactance effects there is a 
certain phase difference between the voltage acting and the current flowing; hence the total 
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current is made up of the effective current which contributes to the power in the circuit and 
the wattless current component which is forced through the circuit one way or the other by 
the reactance voltages. The apparent power includes that part of the power returned to the 
source. 


2.85. Question. State Ohm’s law for a-c circuits. 

Answer. The current in a circuit is directly proportional to the voltage applied 
and inversely proportional to the impedance of the circuit. 

In mathematical form this relationship is written I = E/Z, or E =1Z, or 
Daley d 


The complete form for expressing this law is 


E E 
pes 
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2.86. Question. Draw a simple schematic diagram showing a tuned-plate 
tuned-grid oscillator with series-fed plate. Indicate polarity of supply 
voltages. ‘¥ 

Answer. See Figure 2. 


jafafafy 
B 
Fic. 2. Schematic diagram of a tuned-plate tuned-grid oscillator with series-fed plate. 


2.87. Question. Draw a simple schematic diagram showing a Hartley 
triode oscillator with shunt-fed plate. Indicate power supply polarity. 
Answer. See Figure 3. 


+B 


Fic. 3. Schematic diagram of Hartley oscillator with shunt-fed plate. 
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2.88. Question. Draw a simple schematic diagram showing a tuned-grid 
Armstrong type triode oscillator, with shunt-fed plate. Indicate power 
supply polarity. 

Answer. See Figure 4. 


id Fic. 4. Schematic diagram of a tuned-grid Armstrong oscillator with shunt-fed plate. 


2.89. Question. Draw a simple schematic diagram showing a tuned-plate 
_ tuned-grid triode oscillator with shunt-fed plate. Indicate polarity of sup- 
ply voltages. 
~~ Answer. See Figure 5. 
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ororererere 


Fic. 5. Schematic diagram of a tuned-grid tuned-plate oscillator with shunt-fed plate. 


2.90. Question. Draw a simple schematic diagram of a crystal-controlled 
vacuum-tube oscillator. Indicate power supply polarity. 
Answer. See Figure 6. 
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Fic. 6. Schematic diagram of a crystal-controlled oscillator showing how the buffer amplifier 
grid is coupled to the plate tank to receive r-f excitation. 


2B +B 
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2.91. Question. Draw a simple schematic diagram showing a Colpitts 
type triode oscillator, with shunt-fed plate. Indicate power supply polarity. 
Answer. See Figure 7. 


Fic. 7. Schematic diagram of Colpitts oscillator with shunt-fed plate. 


2.92. Question. Draw a simple schematic diagram showing a tuned-grid 
Armstrong type triode oscillator, with series-fed plate. Indicate power 
supply polarity. 3 

Answer. See Figure 8. 
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Fic. 8. Schematic diagram of a tuned-grid Armstrong oscillator with series-fed plate. 


2.93. Question. Draw a simple schematic diagram of an electron coupled 
oscillator, indicating power supply polarities where necessary. 

Answer. See Figure 9. 

2.94. Question. Draw a simple schematic diagram of a pentode type tube 
used as a crystal-controlled oscillator, indicating power supply polarities. 

Answer. See Figure 10. ; 

2.95. Question. Draw a simple schematic circuit showing a method of 
coupling a high impedance loudspeaker to an audio-frequency amplifier tube 
without flow of plate current through the speaker windings, and without 
the use of a transformer. 

Answer. See Figure 11. 
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Fic. 10. Schematic diagram of a crystal-controlled oscillator using a pentode tube. 
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-Fig. 11. A loudspeaker which is impedance coupled to prevent flow of direct current through 


speaker winding. 
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2.96. Question. Draw a simple schematic diagram of a triode vacuum 
tube audio-frequency amplifier inductively coupled to a loudspeaker. 
Answer. See Figure 12. 


4 


Fic. 12. A loudspeaker inductively coupled to an audio amplifier. 


SPEAKER 
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2.97. Question. Draw a simple schematic circuit showing a method of 
resistance coupling between two triode vacuum tubes in an audio-frequency 
amplifier. 

Answer. See Figure 13. 


Fic. 13. Resistance coupling used between two audio stages. 


2.98. Question. Draw a simple schematic diagram showing a method of 
transformer coupling between two triode vacuum tubes in an audio-fre- 
quency amplifier. 

Answer. See Figure 14. 


Fic. 14. Transformer coupling used between two audio stages. 
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2.99. Question. Draw a simple schematic diagram of a method of im- 
pedance coupling between two vacuum tubes in an audio-frequency ampli- 
fier. 

Answer. See Figure 15. 


Fic. 15. Impedance coupling used between two audio stages. 


2.100. Question. Draw a diagram of a method of coupling a single radio- 
frequency amplifier using a triode vacuum tube to a push-pull radio-fre- 
quency amplifier using triode vacuum tubes, showing proper neutralization 
of the push-pull amplifier. 

Answer. See Figure 16. 


LINK | 
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Fic. 16. A push-pull r-f amplifier coupled to a single r-f amplifier with both stages neutralized. 
The points marked x connect to the filament transformer winding not shown. 


2.101. Question. Draw a simple schematic circuit diagram of a radio- 
frequency amplifier, employing a triode vacuum tube and making use of 
plate neutralization. 

Answer. See Figure 17. The inventor of “plate” neutralization is Hazeltine. 
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Fic. 17. An r-f amplifier using Hazeltine or plate neutralization. 


2.102. Question. Draw a simple schematic circuit diagram of a radio- 
frequency amplifier, employing a triode vacuum tube and making use of 
grid neutralization. 

Answer. See Figure 18. The inventor of “grid” neutralization is Rice, 
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Fic. 18. Illustrating grid neutralization of an r-f amplifier, invented by Rice. 


2.103. Question. Draw a simple schematic diagram showing a method 
of coupling the radio-frequency output of the final power amplifier stage _ 
of a transmitter to an antenna. 

Answer. See Figure 19. 

2.104. Question. Draw a simple schematic diagram showing a method 
of coupling between two tetrode vacuum tubes in a tuned radio-frequency 
amplifier. 

Answer. See Figure 20. 
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Fic. 19. Simple diagrams showing two methods by which a final r-f stage may be coupled to 
an antenna, through the use of either a transformer or a condenser. 
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Fic. 20. Two r-f stages employing tetrode tubes are coupled by means of a transformer. 


2.105. Question. Draw a simple schematic diagram showing a method of 
coupling between two triode vacuum tubes in a tuned radio-frequency 
amplifier, and a method of neutralizing to prevent oscillation. 

Answer. See Figure 21. 


QQQQQ00 
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Fic. 21. Two neutralized r-f stages using triode tubes are shown coupled through a trans- 
former. 
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2.106. Question. Draw a simple schematic diagram of a diode vacuum 
tube connected for diode detection, and showing a method of coupling to 
an audio amplifier. 

Answer. See Figure 22. 


SIMPLIFIED DIODE 
DETECTOR CIRCUIT AUDIO AMPLIFIER 


AUDIO 
——s 


——S$— = 
AUDIO VOLTAGE 


Fic. 22. Simple diagram of a diode tube operating in a detector stage and shown coupled to an 
audio amplifier. 


2.107. Question. Draw a simple schematic diagram of a triode vacuum 
tube connected for plate or “power” detection. 
Answer. See Figure 23. 
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Fic. 23. A triode tube connected for plate or “power” detection and employing cathode bias. 


2.108. Question. Draw a simple schematic diagram of a triode vacuum 
tube connected for grid-leak condenser detection. 

Answer. See Figure 24. 

2.109. Question. Draw a simple schematic diagram of a regenerative 
detector. 

Answer. See Figure 25. 

2.110. Question. Draw a simple schematic circuit of a radio-frequency 
doubler stage, indicating any pertinent points which will distinguish this 
circuit as that of a frequency doubler. 

ANSWET ss oce Migire:20. 
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Fic. 24. A triode tube connected for grid-leak condenser detection. 
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Fic. 25. A regenerative detector. 


YOQV0Q0000 
LOQQQQQQQO) 


O=C +B 
ADJUST BIAS 
BEYOND CUTOFF +C 
Fic. 26. A frequency doubler operated with bias adjusted beyond cutoff similar to class C 
operation and with the plate tank tuned to twice the fundamental frequency. 
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2.111. Question. Draw a simple schematic diagram showing the method 
of connecting three resistors of equal value so that the total resistance will 
be two-thirds the resistance of one unit. 


Answer. See Figure 27. 
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Fic. 27. In this simple arrangement all resistors are of equal value. 


2.112. Question. Draw a simple schematic diagram showing the method 
of connecting three resistors of equal value so that the total resistance will 
be one and one-half times the resistance of one unit. 

Answer. See Figure 28. 
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Fic. 28. All resistors are of equal value. 


2.113. Question. Draw a simple schematic diagram to indicate how a 
60-cell bank of lead-acid storage batteries may be connected to permit 
charging in parallel from a 110-volt d-c source and discharging in series, 
including necessary switches. 

Answer. See Figure 29. 

2.114. Question. Draw a diagram of a simple shunt rejector or wave-trap 
circuit, in series with a receiving antenna, designed to suppress an un- 
desired signal. 

Answer. See Figure 30. 

2.115. Question. Draw a diagram of a simple series wave-trap circuit, 
connected in shunt with the input terminals of a radio receiver and de- 
signed to bypass an undesired signal. 

Answer. See Figure 31. 

2.116. Question. Draw a simple schematic diagram of an underload cir- 
cuit breaker as used with battery-charging circuits. 

Answer. See Figure 32. 
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Fic. 29. Two 60-cell battery banks shown connected to a four-pole double-throw switch for 
charging in parallel and discharging in series. Each bank consists of 30 cells indicated as 
60 volts. 
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Fic. 30. A shunt rejector type wave-trap Fig. 31. <A series type wave-trap con- 
in series with a receiving antenna. nected across receiver input terminals. 
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Fic, 32. One type of underload circuit breaker as used with battery-charging circuits. 


38 HOW TO PASS RADIO LICENSE EXAMINATIONS ELEMENT 2 


2.117. Question. Draw a simple schematic diagram showing the method | 
of connecting three resistors of equal value so that the total resistance 
will be one-third of one unit. 

Answer. See Figure 33. 


Fic. 33. Resistors of equal value connected in parallel. 


2.118. Question. Draw a simple schematic diagram of a shunt-wound, 
self-excited, d-c motor, with provision for starting and regulating speed, 
including indication of the d-c source. 

Answer. See Figure 34. 
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Fic. 34. Three-terminal hand starter connected to d-c shunt motor with speed control. 


2.119. Question. Draw a simple schematic diagram showing the method 
of connecting three resistors of equal value so that the total resistance will 
be three times the resistance of one unit. 

Answer. See Figure 35. 
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Fic. 35, Series arrangement of resistors. 
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2.120. Question. Draw a diagram of a single-button carbon microphone 
circuit, including the microphone and source of power. 
Answer. See Figure 36. 
OUTPUT 


Fic. 36. Single button microphone circuit. 
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2.121. Question. What is meant by a “soft” vacuum tube? 

Answer. A tube having a degree of vacuum lower than for a normal condition, 
due to the presence of a slight amount of gas, is called a “soft” tube. During the 
exhaustion process special precautions are taken to remove every possible trace of 
gas from the elements and the space within the envelope. A tube with a very 
high degree of vacuum is called a “hard” tube. 

.2.122. Question. What is meant by a “thyratron”? 

Answer. A “thyratron” is a type of hot-cathode mercury-vapor tube with a 
plate, a filament for the cathode, and one or more control grids having charac- 
teristics which make the tube suitable for special uses in commercial applications 
as a rectifier and in power control devices. 


Discussion. The characteristic action of this tube is different from ordinary diode rectifiers 
which do not have a grid. During operation of the ihyratron the grid potential is made to 
block the plate current, but once the grid potential changes and allows the plate current to 
flow, the plate current then is dependent essentially on the plate voltage. The action of the 
grid is such that it cuts off plate current at one time and then opens wide to allow full plate 
current which varies and follows the plate voltage changes from a power source. These 
functions permit the thyratron to be used also in other commercial applications such as the 
inverter, a device used for changing direct current to alternating current. This tube can 
handle relatively large currents at high voltages. Like other mercury-vapor tubes it has a 
low internal voltage drop which is practically constant, thus giving it good voltage regulation 
characteristics. 


2.123. Question. Describe the physical structures of the triode, tetrode, 
and pentode on a comparative basis. 

Answer. Triode. The triode consists of three electrodes, namely, plate, con- 
trol grid, and cathode with the grid wire located between plate and cathode while 
the plate surrounds the whole. The cathode may be of the filamentary type or 
the indirectly heated type. : 

Tetrode. The tetrode has four electrodes, three of which are similar to the 
triode and the fourth is an additional grid, called screen grid, located between 
plate and control grid. 

Pentode. The pentode consists of five electrodes, four of which are similar 
to the tetrode but with a third grid, called suppressor grid, located between the 
plate and screen grid. 
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2.124. Question. Describe the electrical characteristics of the pentode, 
tetrode, and triode on a comparative basis. 

Answer. The suppressor grid of the pentode is the only physical difference 
between the tetrode and the pentode. Electrically, both possess the shielding 
action of the screen grid which results in a low direct interelectrode capacitance 
between control grid and plate. 

The triode, on the other hand, has a large interelectrode capacitance due to the 
absence of the screen grid, and hence electrostatic coupling between the plate and 
control grid circuits is effected within the tube. 

In the tetrode, secondary emission from the plate makes the tube unstable for 


plate voltages below that of the screen. This effect has been eliminated in the © 


pentode by the suppressor grid and as a result a much greater extent of the charac- 
teristic can be utilized. In general, this makes for lower distortion and in power 
tubes greater output power as well. See curves in Figure 58(a). 

2.125. Question. What are the visible indications of a “soft” tube? 

Answer. The space inside the glass envelope gives a visible blue glow from 
the increased ionization due to the presence of gas. In a soft tube the degree 
of vacuum is lower than normal. 

2.126. Question. Describe the physical structure of a triode vacuum tube. 

Answer. A triode tube consists of three elements, namely, plate, grid, and 
cathode. The cathode in the directly heated type is the filament itself, whereas in 


the indirectly heated type the cathode consists of an oxide-coated surface which | 


provides the electron emission. The grid, spaced next, consists of a fine wire 
shaped like a spiral with only one end making connection to the external circuit. 
Mounted outside the grid, and hence surrounding the filament and grid, is the 
plate which consists of a flat solid surface formed somewhat like a cylinder, which 
also requires but one connection to the external circuit. These elements are con- 
tained within a highly evacuated bulb, called envelope, made of glass or metal, 


according to the type of tube, and the connections to the electrodes are brought © 


out to the side or top of the envelope, or to pins or prongs in the tube base. 

2.127. Question. Describe the physical structure of a tetrode vacuum 
tube. 

Answer. A tetrode tube consists of four elements, namely, a cathode which 
may consist of either a filament wire or oxide-coated surface used for the emit- 
ter; next comes a grid, control grid, which is a fine wire wound in spiral form; 
then another grid, suppressor grid, which is also a thin wire spiral-shaped to 
provide spaces between the grid wire meshes; and last, surrounding the whole, 
is the plate, a solid surface, flat and shaped somewhat like a cylinder. The tube 
is highly evacuated, and suitable connections are provided to the electrodes. 

2.128. Question. Does a pentode vacuum tube usually require neutrali- 
zation when used as a radio-frequency amplifier? 

Answer. A pentode tube generally does not need neutralization. The screen 
grid effectively reduces the interelectrode capacitance between plate and control 
grid so that feedback from plate to grid is not sufficiently great to cause self-oscil- 
lation. Where ultra-high frequencies are involved conditions may require some 
form of neutralization. 


—s- 
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2.129. Question. What is the meaning of “plate impedance”? 

Answer. The term “plate impedance” refers to the internal behavior of a tube 
between its plate and cathode when a pulsating current flows because certain char- 
acteristic effects result similar to resistance and reactance, due respectively to the 
d-c and a-c components of the current. Both of these effects, namely, resistance 
and capacitive reactance, represent the internal “plate impedance.” If the capaci- 
tive reactance effects are not to be taken into account for any particular reason 
then the effective internal plate-to-cathode resistance is considered to be the plate 
impedance of the tube. 

2.130. Question. What is the meaning of “mutual conductance”? What 
is the meaning of “transconductance”? 

Answer. “Mutual conductance” is a term used to express the ratio of amplifi- 
cation factor to plate resistance, and is the quotient of one by the other. This 
relation is expressed in the following formula where G,» is mutual conductance, 
pis amplification factor, and FR, is plate resistance, or 


In other words, “mutual conductance’ indicates the control-grid to plate trans- 
conductance, or simply transconductance, and in one term expresses the relation 
of amplification factor and plate resistance. 

“Transconductance” may be defined as the ratio of a small change in plate 
current, expressed in amperes, to the small change in control grid voltage pro- 
ducing it, providing that all other voltages remain unchanged. 

2.131. Question. What is the meaning of “secondary emission”? 

Answer. “Secondary emission” is electron emission due directly to the impact 
of electrons or ions. 


Discussion. When electrons reach the plate from the cathode of a tube the impact knocks 
electrons out of the plate; the electrons in the main stream from cathode to plate are called 
the primary emission electrons and the electrons released at the plate the secondary emission 
electrons. Thus, it requires a primary source to get secondary emission effects. 


2.132. Question. What is the meaning of “amplification factor’’? 

Answer, “Amplification factor” may be defined as the ratio of the change in 
plate voltage to a change in control-grid voltage in the opposite direction that 
would give the same plate current, providing all other voltages are kept constant. 


Discussion. The meaning of “amplification factor” given above is made clear by the follow- 
ing example: Suppose the positive plate voltage is increased by 1 volt and the plate current 
increases by a certain amount; then if the grid voltage were made more negative, say by 0.1 
volt, the plate current would now reduce to its first value. In this case the amplification factor 
would be 1~0.1, or 10. There are many possible combinations of grid and plate voltages 
that will give the same plate current, and it can be seen that a relatively small change in 
grid voltage would have the same effect on the variation in plate current as a large change 
in plate voltage. This term suggests comparison of the amplitude of the signal in the grid 
and plate circuits, and thus is an indication of the amount of amplification that may be 
expected. 
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2.133. Question. What is the meaning of “electron emission”? 

Answer. “Electron emission’ is the liberation of electrons from an electrode 
into the surrounding space. Quantitatively, it is the rate at which electrons are 
emitted from an electrode. (A.I.E.E. definition.) 


Discussion. When the agitation which brings on emission is due to raising the temperature 
of an electrode, the expression thermionic emission may be applied. Electrons which ordi- 
narily remain within the body of a conducting material will be agitated by the application 
of heat. In moving about with increased velocity many electrons reach the surface of the 
material and overcome the surface forces which tend to keep them within. When electrons 
actually separate from the material and escape into the surrounding space emission is said to 
take place. 


2.134. Question. Describe the characteristics of a vacuum tube operating 
as a class C amplifier. 

Answer. High plate circuit efficiency and high power output are two important 
characteristics of a class C amplifier. Although the power output is high the 
power amplification is low. A large amount of harmonic distortion is generated 
in the output. The grid is allowed to swing positive. 


Discussion. The high plate circuit efficiency possible from this class of amplifier in some 
cases is around 75 per cent, the high value being obtained generally by swinging the grid 
sufficiently positive to cause plate current saturation. This accounts for another main char- 
acteristic of class C operation, large distortion, since driving the grid positive and employing 
a small angle of plate current flow with high peaks causes the generation of a considerable 
amount of third harmonic energy to be introduced in the tube’s output. 

The grid bias used is considerably greater than cutoff value, from one and a half to twice 
cutoff and sometimes higher, and therefore a signal of large amplitude is required for grid 
excitation to produce the exceedingly large plate current amplitudes which flow for only a 
small part of each positive half cycle of excitation. 

A vacuum tube operating class C cannot be used in an audio-frequency stage, only with 
radio-frequency, or tuned circuits. 

The theoretical maximum plate circuit efficiency is 100 per cent. (Note that plate circuit 
efficiency means the ratio of a-c power output to average d-c power input.) 


2.135. Question. During what approximate portion of the excitation 
voltage cycle does plate current flow when a tube is used as a class C 
amplifier? 

Answer. Ina class C amplifier plate current flows for considerably less than 
180 degrees of the least negative portion of the grid exciting voltage. 

2.136. Question. Describe the characteristics of a vacuum tube operating 
as a class A amplifier. 

Answer. The main characteristics of class A operation are as follows: 

(a) Plate circuit efficiency is very low. The plate efficiency, theoretically, can- 
not be greater than 50 per cent, and in actual practice it is about 20 to 30 per cent. 

(b) Power output is medium. 

(c) Power amplification is high; a high ratio of voltage amplification. 

(d) Distortion is negligible. There is practically no serious distortion of the 
wave form with proper adjustment and excitation since the tube is worked within 
the linear part of its grid-voltage plate-current characteristic curve. 
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(e) Grid drive requirements are limited to prevent distortion. The signal 
voltage should never be so large as to drive the grid positive and cause grid cur- 
rent to flow, or make the grid so negative as to cut off the plate current. _ 

(f) A main characteristic of class A operation is that the grid bias is adjusted 
to a value much less than cutoff, thus allowing plate current to flow during the 
complete cycle of grid excitation. 

2.137. Question. Describe the characteristics of a vacuum tube operating 
as a class B amplifier. : 

Answer. The main characteristics of a class B amplifier are listed as follows: 

(a) Medium power output; the power output is proportional to the square of 
the excitation voltage applied to the grid. 

(b) The grid bias is adjusted at or near cutoff value so that the plate current 
is nearly zero, or relatively low with no signal excitation; plate current flows for 
substantially 180 degrees of each excitation cycle. 

(c) The average d-c component of the plate current varies considerably from 
zero signal to maximum signal conditions during operation, which makes it neces- 
sary to use a plate power supply having good voltage regulation. 

(d) A larger grid exciting voltage is required for class B than for class A. 
In the operation of a class B amplifier tube, where a large grid exciting voltage is 
available, the grid is allowed to be driven positive within certain limits and with 
practically negligible distortion of the wave shape. 

(e) Medium plate circuit efficiency is a characteristic of class B. The theo- 
retical maximum efficiency is 78.3 per cent, but practical efficiencies are in the 
order of about 30 to 50 per cent. 

(f) The ratio of power amplification is only moderate and is lower than for 
class A. However, this low power amplification is offset by making a class B 
stage give a much higher output power and with virtually undistorted output. 
Good reproduction of the wave shape of the grid exciting voltage may be ex- 
pected from class B. 

(g) A class B amplifier can be used for both radio-frequency and audio-fre- 
quency amplification ; however, for audio circuits two tubes must be used in push- 
pull in a balanced circuit to produce each half cycle of the grid excitation wave. 

2.138. Question. During what portion of the excitation voltage cycle 
does plate current flow when a tube is used as a class B amplifier? 

Answer. Plate current flows during approximately 180 degrees, or one-half of 
each cycle of the exciting voltage. 

2.139. Question. Does a properly operated class A audio amplifier pro- 
duce serious modification of the input wave form? 

Answer. No. 

2.140. Question. What is the meaning of the term “maximum plate dissi- 
pation”? 

Answer. “Maximum plate dissipation” is the maximum power which a plate 
dissipates in the form of heat due to the electron impact at the plate. Plate dissi- 
pation is the difference between the plate input (power supplied to the plate) and 
power output (power delivered by the tube to the load, that is, the alternating 
component in the load that represents the signal). The plate dissipation should 
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never exceed the maximum values or ratings recommended in tube charts for 
typical operating conditions. 

2.141. Question. What is meant by a “blocked grid’? 

Answer. A “blocked grid” means a grid on which the negative potential is 
sufficiently great to prevent plate current flow. 

2.142. Question. What is meant by the “load” on a vacuum tube? 

Answer. The “load” on a vacuum tube is the equivalent impedance presented 
to its output. This usually is either a physical or equivalent resistance but it may 
have a reactive component as well, which would be the case for an inductive or 
capacitive load. 

2.143. Question. What circuit and vacuum tube factors influence the 
voltage gain of a triode audio-frequency amplifier stage? 

Answer. (a) For circuit conditions: The gain is influenced by coupling where 
transformer coupling would give a gain depending on the turns ratio, but no gain 
with resistance coupling. 

(b) For the tube used and its operation: The gain is influenced by amplifica- 
tion factor, grid exciting voltage, and plate voltage. 

2.144. Question. What is the purpose of a bias voltage on the grid of 
an audio-frequency amplifier stage? 

Answer. The bias voltage is used to adjust the working point on the plate- 
current grid-voltage characteristic for a desired operation of the amplifier tube. 
In the case of class A audio amplifiers the grid is biased to prevent the flow of 
grid current; in class B a very small grid current is permissible. 

2.145. Question. What is the primary purpose of a screen grid in a 
vacuum tube? 

Answer. The electrostatic capacity between control grid and plate is reduced 
to a negligible value by the screen grid, which acts to shield the plate. This results 
in insufficient feedback to cause self-oscillation ; hence neutralization is unnecessary 
in most amplifiers using a screen grid tube. 

2.146. Question. What is the primary purpose of a suppressor grid in 
a multielement vacuum tube? 

Answer. The suppressor grid effectively prevents secondary emission effects. 
That is, secondary electrons leaving the plate do not find a positively charged elec- 
trode in the vicinity which would attract them, but instead the adjacent suppressor 
erid, being held at a negative or ground potential, repels them, thus causing them 
to return to the plate. 

2.147. Question. What is the meaning of the term “plate saturation”? 

Answer. “Plate saturation” occurs when the plate current equals the filament 
emission. Under such conditions the plate is taking all of the electrons emitted 
by the cathode. 

2.148. Question. What is the most desirable factor in the choice of a 
vacuum tube to be used as a voltage amplifier? 

Answer, A tube with a high mu (») would be best suited for use as a voltage 
amplifier. 

2.149. Question. What is the principal advantage of a tetrode over a 
triode as a radio-frequency amplifier? 
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Answer. The principal advantage is the low plate-to-grid capacitance of the 
tetrode. 

Discussion. The low internal plate-to-grid capacitance reduces feedback effects and ordi- 
narily obviates the need of a neutralizing circuit. The tetrode has a high theoretical voltage 


amplification factor, wu, but actual load conditions allow realization of only a fraction of this 
apparent advantage. 


2.150. Question. What is the principal advantage of the tetrode com-— 
pared to the triode, when used in a radio receiver? 

Answer. Neutralization circuits are not required for the r-f amplifiers. 

2.151. Question. What is the principal advantage in the use of a diode 
detector instead of a grid-leak type triode detector? 

Answer. High fidelity is the principal advantage. A diode detector only recti- 
fies a signal and provides no amplification; hence it gives a more faithful repro- 
duction of the signal wave form than a detector employing a grid. 

2.152. Question. Draw a grid-voltage plate-current characteristic curve 
of a vacuum tube and indicate the operating points for class A, class B, 
and class C amplifier operation. 

Answer. See Figure 37. 
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Fic. 37. Classes of operation of amplifiers are indicated. 


2.153. Question. What operating conditions determine that a tube is 
being used as a “power detector’? 

Answer. A power detector, where rectification takes place in the plate circuit, 
is operated under the following conditions: 

(a) Grid is biased at slightly less than plate current cutoff value, called projected 
cutoff. 

(b) Excitation voltage should not be permitted to swing the grid positive at any 
time. 

(c) Grid circuit resistance 1s low. 
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(d) Plate voltage is determined by the type of tube employed ; any power ampli- 
fier tube is suited for this purpose. 

2.154. Question. Why is it desirable to use an a-c filament supply for 
vacuum tubes? 

Answer. With a-c voltage on the filament there is a greater life expectancy 
from the filament, especially for high-power vacuum tubes. Alternating current 
voltage permits the use of transformers which provide a practical and efficient 
means for changing a higher line supply voltage to the required filament voltage 
and, in addition, the transformer electrically isolates the power line from the tube 
circuit. It is not always practicable to use d-c power line voltages for filament 
supply because resistors used to drop line voltage cause a large dissipation and, 
furthermore, the radio circuit cannot be then isolated from the power line. An- 
other point is that alternating current for filament heating makes the use of 
batteries and charging circuits unnecessary, which simplifies the care and main- 
tenance of the equipment. 

2.155. Question. Why is it advisable periodically to reverse the polarity 
of the filament potential of high power vacuum tubes when a d-c filament 
supply is used? 

Answer. When d-c voltage is used the potential gradient along the filament is 
constant with respect to the plate, so that one part of the filament becomes the 
principal source of electrons going to the plate, a condition which tends to shorten 
the useful life of the filament. However, with a-c the potentials are changing and 
no one particular section of the filament is constantly drawn on. 

2.156. Question. Why is it important to maintain transmitting tube fila- 
ments at recommended values? 

Answer. The greatest life expectancy will be realized by maintaining proper 
filament temperature. Overheating the filament by using excessive voltage or, on 
the other hand, operating at a temperature lower than normal may cause rapid 
disintegration of the filament material. Subnormal filament voltage lowers the 
electron emission and in turn affects the plate current, which may lead to improper 
operation of circuits. 

2.157. Question. How may certain vacuum tube filaments be reactivated? 

Answer. In general the flashing method is used for reactivation; yet there is 
a great variance of opinion regarding the amount of excess voltage and length of 
time of flashing to be employed. One method of treatment is explained in the 
following procedure: Remove all voltages from the tube except the filament volt- 
age and adjust this voltage to three times the normal value. Flash for about 20 
to 30 seconds and then follow by operating the filament at a reduced heat for 
about 30 to 60 minutes with the voltage held at 25 to 40 per cent above normal. 
This severe treatment may burn out some filaments and, therefore, it is not always 
successful. Only the thoriated tungsten filament may respond to reactivation 
because the wire is an alloy with the electron-emitting material distributed through- 
out and not merely coated on the surface of the wire. The increased electron agi- 
tation from flashing drives electrons toward the surface, forming a surface layer 
which make these electrons available for emission. 
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2.158. Question. When an a-c filament supply is used, why is a filament 
center-tap usually provided for the vacuum tube plate and grid return 
circuits? 

Answer. The center-tap connection is used primarily to prevent an objection- 
able hum frequency (the frequency of the filament heating current) from appear- 
ing in the output along with the signal frequency. 


Discussion. A center-tap connection is always at the same potential with respect to either 
side or leg of the filament circuit; hence the grid and plate potentials are practically unaffected 
by the a-c potentials across the filament. If the grid and plate returns were made to one 
side or the other of the filament and not to center-tap, the grid and plate would receive a 
changing potential according to the a-c frequency which would act similar to a modulating 
voltage and cause a large hum frequency in the output. 


2.159. Question. What types of vacuum tube filaments may be reacti- 
vated? 

Answer. Filament materials which may be reactivated are alloys or compounds ; 
thoriated tungsten is an emitter of this type. Note that oxide-coated filaments 
cannot be reactivated. 

2.160. Question. Explain the operation of a “grid leak” type of detector. 

Answer. A high resistance grid leak is shunted by a condenser of small capaci- 
tance forming an R-C combination which is connected to the grid of the detector. 
An incoming signal acting across the condenser charges the grid end of the con- 
denser to peak values on the positive half cycles, which causes the grid to accumu- 
late electrons in impulses, known as rectified grid current. This action makes the 
grid end of the condenser negative at such moments, and it discharges through the 
high resistance leak. The discharge, however, is at a comparatively slow rate, or 
with an accumulative effect, so that the grid end is kept working at a varying nega- 
tive potential which automatically adjusts itself according to the wave shape of 
the modulation envelope, or audio component. Hence the slow rate of flow of 
electrons returning to the cathode through the leak results in a voltage drop across 
the condenser and leak combination that represents the audio component. Since 
the audio frequencies appear as a separate voltage component on the grid they are 
amplified in the usual way in passing through the tube. In this type of detector 
the negative potential on the grid is provided by the signal itself, and it is being 
constantly varied according to the signal’s characteristics of amplitude and fre- 
quency changes. 


Discussion. By proper choice of condenser capacitance (250 micromicrofarads, a typical 
value) and leak resistance (in the order of 1 megohm), and with proper signal amplitude, 
the grid can be kept working at a negative potential which varies closely with the modulation 
envelope. However, if these conditions are not complied with and the condenser is not able 
to discharge through the leak at a rate which will allow its voltage to follow the modulation 
voltage wave then the grid becomes increasingly negative until, perhaps on a strong signal, 
the plate current is driven down to zero. Serious audio distortion will result if the plate 
current is cut off at any time. The grid-leak type of detector has very high sensitivity be- 
cause weak signals acting on the grid cause comparatively large plate current changes below 
normal value; the average change represents the audio component. In this action the normal 
working point is at the lower bend in the grid-voltage plate-current characteristic curve. 
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2.161. Question. List and explain the characteristics of a “square law” 
type of vacuum tube detector. 

Answer. The term “square law’ applies to a detector employing a grid-leak and 
condenser. A list of characteristics and explanations follows: 

(a) The plate current varies as the square of the grid excitation voltage. 

(b) Rectification of the signal occurs in the grid circuit. That is, the audio 
component of the signal appears as a voltage on the grid because this is the 
voltage developed across the leak and condenser combination: 

(c) The signal itself provides the negative working potential for the grid. No 
typical grid biasing methods are used in this principle of operation. 

(d) The grid is easily overloaded by strong signals. With signals of large 
amplitude the distortion is great, since the grid potential becomes exceedingly 
negative owing to the slow leak-off through the high resistance. The grid then 
either blocks the plate current entirely over certain periods or causes a highly 
distorted average change in the region of cutoff. 

(e) High sensitivity is possible with this type where large average changes in 
plate current are obtained from comparatively weak signals. 

(f) A large amount of second harmonic distortion appears in the output. The 
generation of considerable harmonic energy is a normal condition in this kind of 
operation where the plate current axis, without signal, is moved to a new axis, with 
signal, according to the average change in plate current. 

2.162. Question. Explain the operation of a diode type of detector. 

Answer. In a diode detector the principle of rectification is used by means of 
two electrodes, plate and cathode, but for this purpose the plate current is sent 
through a resistor, shunted by a condenser, connected in series to the cathode, with 
plate excitation supplied by signal current in a tuned r-f circuit connected between 
plate and cathode. The operation is as follows: Plate current flows only on the 
positive half cycles of the signal wave so that the condenser charges up to peak 
values during plate current pulses and discharges through the resistor during the 
negative half cycles when no plate current is drawn. This action causes the con- 
denser’s voltage to vary according to the audio component of the signal. 

2.163. Question. Explain the operation of a “power” or “plate rectifica- 
tion” type of vacuum tube detector. | 

Answer. The grid, in a power detector, is operated at a high bias, almost at 
cutoff, so that practically only the positive half cycles of the signal excitation cause 
plate current flow. Hence the average of all the changes in plate current is above 
normal value. This average represents the audio component which appears as 
an alternating voltage across the load in the plate circuit. This type of detector 
requires a large excitation, but it is not easily overloaded by strong signals; 
medium distortion and medium sensitivity are other characteristics, An advan- 
tage of this type is that if not overloaded, the selectivity of the input tuned circuit 
is not lowered and the Q is not affected because no power is taken by the detector 
from the tuned circuit, since no grid current is drawn in normal operation. 

2.164. Question. Is a “grid-leak” type of detector more or less sensitive 
than a “power” detector (plate rectification) ? Why? 

Answer, The grid-leak detector is the most sensitive, as indicated by the fact 
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that in this type the plate current (a-c component in the output) varies as the 
square of the excitation voltage on the grid. In a power detector the average 
plate current rises only in approximate proportion to the grid exciting voltage. 

2.165. Question. Describe what is meant by a “class A amplifier.” 

Answer. An amplifier which is adjusted to work within the linear portion of 
the plate-current grid-voltage characteristic curve is a class A amplifier; this type 
of operation allows the plate current to flow for the full 360 degrees of the grid 
excitation voltage wave and thus gives a very faithful reproduction of the signal 
wave shape in the output of the amplifier. ; 


Discussion. The following conditions must be satisfied to give good reproduction of the 
signal wave shape: The grid drive (signal voltage amplitude) must be limited to prevent 
either the grid from becoming positive at any time or the plate current peaks from being 
forced into the upper or lower bends of the £,-I/, characteristic. 


2.166. Question. What are the characteristics of a class A audio ampli- 
fier? 

Answer. Several characteristics of a class A audio amplifier are as follows: 
Low distortion, low plate circuit efficiency, comparatively low power output, rela- 
tively high voltage gain. 

2.167. Question. What are the advantages of operating two tubes in 
push-pull rather than in parallel for an audio-frequency amplifier? 

Answer. The main advantage is that distortion due to the second harmonic 
component is effectively balanced out in a push-pull stage. Other advantages of 
push-pull over parallel operation of triodes are: greater undistorted power out- 
put; reduced hum ripple component with equivalent filter systems; prevention of 
core saturation of the output transformer ; equalization of the output of each tube 
when excitation is applied. 

2.168. Question. What will be the effect of incorrect grid bias in a class 
A audio amplifier? 

Answer. Distortion of the output wave shape. 

2.169. Question. Why is an audio transformer seldom used in the plate 
circuit of a tetrode used as an audio-frequency amplifier? 

Answer. The average primary of an audio transformer has an impedance too 
low for matching the high plate resistance of a tetrode tube. In practice a high 
resistance or high impedance coil is used in the plate circuit and coupling to the 
following tube is effected through a condenser, that is, either resistance coupling 
or impedance-capacitive coupling is used between the output of a tetrode and the 
next stage. 

2.170. Question. What are the factors which determine the bias voltage 
for the grid of a vacuum tube? 

Answer. Some of the factors are as follows: 

(a) The specific function of the tube, for example, whether used as a power 
detector, or amplifier and class of operation. 

(b) The operating d-c voltage on the plate. 

(c) Grid drive requirements, that is, the range over which the grid potential 
will swing as determined by the amplitude of the exciting voltage. 
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2.171. Question. Why are tubes operated as class C amplifiers not suited 
for audio-frequency amplification? 

Answer. Serious distortion would result because a class C amplifier operating 
beyond plate current cutoff value gives an output which reproduces less than the 
full cycle of excitation, in fact, less than one-half of each cycle for a single tube. 
Also, two tubes in push-pull, class C, would cause large distortion of an audio 


wave since both the tubes working alternately would still reproduce less than the 


full audio cycle in the output. In class C operation an oscillatory (r-f) tank 
circuit connected to the tube’s output provides the fly-wheel effect which completes 
the cycles of r. f., but it is seen that an a-f circuit is not oscillatory. 

2.172. Question. Draw a circuit of a “frequency doubler” and explain 
its operation. 

Answer, See Figure 38. 


es Ose 
ADJUST BIAS 
BEYOND. 
CUTOFF 


Fic. 38. One type of frequency doubler. Another type employs two tubes with grids in push- 
pull and plates in parallel. 


Explanation. The adjustment of a frequency doubler stage calls for biasing the grid to a 
value well beyond cutoff, or class C operation which generates a strong second harmonic, and 
tuning the plate tank to a frequency just twice the excitation frequency applied to the grid. 

During a full cycle of the input frequency, f:, the grid is effective over only a small portion 
of its positive half cycle of excitation in causing plate current flow. The bias may be ad- 
justed with respect to the signal drive so that plate current flows only during, say, 90 degrees 
of the grid excitation cycle. This plate current excites the plate tank circuit and the tank 
being oscillatory continues to oscillate (owing to so-called fly-wheel effect) at the frequency 
for which it is adjusted, or the doubled frequency. Although there is some decrease in ampli- 
tude of each successive alternation in the plate tank circuit, yet this distortion is not serious 
because in an r-f amplifier, operated class C, with a small angle of plate current flow it is 
possible to obtain comparatively large plate current peaks. 


2.173. Question. For what purpose is a “doubler” amplifier stage used? 

Answer. A “doubler” stage is used when it is desired to obtain a frequency 
in the plate tank circuit which is twice the excitation frequency applied to the 
grid. From a practical viewpoint the purpose of a doubler stage is to permit a 
crystal-controlled oscillator to work at a lower radio frequency so that the crystal 
itself might be one which is ground to some reasonable thickness, thus making it 
more rugged and able to withstand shatter and breakdown under the stress of 
actual operating conditions. A thinner crystal would be required for a higher 


ELEMENT 2 BASIC THEORY AND PRACTICE 51 


radio frequency, and naturally it would be more delicate to handle and use. In 
some transmitters several doubler stages are used to obtain a very high radio- 
frequency carrier but a crystal oscillator operating at a much lower radio fre- 
quency is used. 

Another use for frequency doubling is in certain commercial radio-telegraph 
transmitters of the MOPA type. The master oscillator (a tuned circuit vacuum 
tube type oscillator) may be adjusted to provide, say, four frequencies for com- 
munication, called fundamental frequencies, but the power amplifier acting as a 
doubler may be retuned so that its plate tank will give the second harmonic, or 
doubled frequency, of each fundamental, thus making available eight communica- 
tion frequencies. 

2.174. Question. How would the loss of radio-frequency excitation af- 
fect a class C modulated amplifier using grid-leak bias only? 

Answer, The grid would loose its bias in this case and the plate current would 
rise exceedingly high with no control exercised by the grid over the plate current. 
In this event overload protection would be depended upon to prevent damage to 
the tube or component parts of the circuit. 

2.175. Question. What effect upon the vacuum tube plate current will 
be noted as the plate circuit resonant frequency of an r-f amplifier is varied? 

Answer, With plate circuit tank adjustments on either side of resonance, that 
is, detuned above and below resonance, the plate current will be high, and as the 
tank is tuned toward resonance from either side the plate current gradually de- 
creases until it reaches a minimum value at resonance. At resonance the plate 
current is lowest, or that point where the greatest dip in current fluctuation occurs 
while tuning. 

2.176. Question. What types of oscillators are best suited for use in a 
frequency meter? Describe the desirable characteristics. 

Answer. . Types of oscillators are crystal-controlled and electron-coupled, the 
latter generally being accepted as the best suited for use in a frequency meter. 
For this application the meter should have the following desirable features: excel- 
lent frequency stability, or low drift; a good regulated power supply, or battery 
operation for use as a portable instrument; practical freedom from external cir- 
cuit influences, for example, when the output is coupled to circuits under measure- 
ment ; an easy reading scale and visual indicator for resonance ; duplication of any 
frequency setting should be possible with. only a reasonable amount of adjustment. 

2.177. Question. Describe what is meant by “link” coupling and for 
what purpose(s) is it used? 

Answer. A “link coupling” consists essentially of a pair of wires or con- 
ductors of desired length terminated at each end by a coil of relatively few turns 
and with each coil coupled respectively to the main tank circuits of the stages 
between which the excitation frequency is to be transferred. The two conductors 
connecting the coils are similar to a transmission line. 

Link coupling in transmitter design has several important uses as follows: 

(a) For the isolation of power source and load electrostatically but not in- 
ductively. When one conductor, or one side of the line, in the link circuit is 
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grounded it provides effective electrostatic shielding between stages, which pre- 
vents the transfer of parasitic energy from one stage to another. 

(6) For matching impedances of power source and load. 

(c) For permitting two adjacent stages to be well separated to prevent crowd- 
ing and yet allow short leads to be used within the stages. See answer to Question 
5.186. 

2.178. Question. What factors may cause low plate current in a vacuum 
tube amplifier? , 

Answer. Possible causes of low plate current are as follows: 

(a) Low emission filament, or cathode. So-called weak tube due to deactivation 
of the emitter. 

(b) Subnormal operating voltages on plate or filament (or heater). 

(c) Excessive grid bias. 

(d) In certain classes of amplifier operation a subnormal excitation voltage 
will give a low plate current reading. 

2.179. Question. Given the following vacuum tube constants E, = 1000 
volts, I, = 150 ma, IZ, = 10 ma, and grid leak = 5000 ohms, what would be 
the value of the d-c grid bias voltage? 

Answer. The bias voltage would be 50 volts. 

Solution: The only values needed for working out this example are grid current 
and grid-leak resistance. Apply these values directly in Ohm’s law to find the 
voltage: ~Thus)"hi= 1 >< R ="0.010' <S000= 50: wolts: 


Note. Be sure to change milliamperes to the unit ampere before using it in the formula, or 
10 ma = 0.010 ampere. 


2.180. Question. Explain how you would determine the value of cathode 
bias resistance to provide correct grid bias for any particular amplifier. 

Answer. Since the voltage across the bias resistor will be the grid bias we 
need to know the amount of current which will flow through this resistor and its 
resistance value, or kK = E/I. For a triode the current is the plate current and 
for a tetrode both plate and screen-grid currents. Ohm ’s law is used to find the 
value of the bias resistance for a tube operating as a linear amplifier as follows: 


R, = =, where E, = d-c voltage desired on grid (in volts), 

Igo = total d-c emission current in amperes (for a triode this is 
the plate current), 

R. = cathode bias resistor (in ohms). 


Note. When the tube is used as a biased detector, the formula still holds except that Ivo 
is the d-c emission current under conditions of no signal. 


2.181. Question. Under what load conditions will a vacuum tube have 
the highest ratio of power output to plate circuit d-c input? 

Answer. This is equivalent to asking ‘Under what load conditions will the 
plate efficiency be highest?” It will be highest when the load chosen is such that 
the tube operates only in the linear region of its characteristic. Since this ratio 
gives the plate efficiency then a very high load impedance compared with the plate 
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resistance of the tube would suggest the answer to the question, but under such 
conditions the tube might be inadequately loaded. 

2.182. Question. Under what load conditions will a vacuum tube produce 
its greatest output? 

Answer. Assuming a linear characteristic, the greatest power output occurs 
when the load impedance, or resistance, is equal to the plate resistance of the 
tube, or Ry = 7. However, if the characteristic is nonlinear but only to the 
extent that the second harmonic must be considered, then, for single tube opera- 
tion, maximum power output occurs when the load resistance or impedance is 
about twice the plate resistance of the tube. 

2.183. Question. What is the chemical composition of the active material 
composing the negative plate of a lead-acid type storage cell? 

Answer. The negative plate is pure metallic lead (Pb) in spongy form. 

2.184. Question. What is the chemical composition of the active material 
composing the negative plate of an Edison type storage cell? 

Answer. The negative plate is powdered iron oxide (FeO), which is reduced 
to metallic iron (Fe) when first charged, and a small percentage of oxide of mer- 
cury (HgO) is mixed in to increase the conductivity. 

2.185. Question. What is the composition of the active material com- 
posing the positive plate of a lead-acid type storage cell? 

Answer, The active material in the positive plate is lead peroxide (PbOg,), also 
called lead dioxide or litharge. (See discussion under Question 2.202.) 


Note. The formula for charge and discharge cycles of a lead-acid cell follows: 


Charge 


2H2SO4 + Pb + PbOse =a PbSo4 + PbSO«4 + 2H.O 
Discharge 


2.186. Question. How does a primary cell differ from a secondary cell? 

Answer, The materials in a primary cell are used up or decomposed in the 
chemical reaction when current flows and therefore this type cannot be recharged. 
A secondary cell is a storage cell which can be recharged after being discharged 
by reversing the chemical reaction to make the cell ready for use again. 

2.187. Question. What is the chemical composition of the active material 
composing the positive plate of an Edison type storage cell? 

Answer. The active material in the positive plate consists of nickel hydrate 
alternating with layers of very thin flakes of pure nickel, the latter being added 
to increase the electrical conductivity. The nickel hydrate changes to nickel oxide 
when first charged. 


Note. On discharge of an Edison cell the positive plate composed of nickel oxide (NiO:2) 
changes to a lower oxide of nickel (NisOs) in which some free oxygen (QO) is given off, and 
also oxygen unites with the metallic iron (Fe) composing the negative plate to form iron 
oxide (FeO.,). On charge the positive plate is restored to the higher oxide of nickel and the 
negative plate to metallic iron. 


2.188. Question. What is the chemical composition of the electrolyte 
used in an Edison type storage cell? 


Answer. The electrolyte is a 21 per cent solution of potassium hydrate, KOH, 
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in pure distilled water mixed with a small amount of lithium hydrate, and having 
a specific gravity of approximately 1.200. | 

2.189. Question. What is the chemical composition of the electrolyte 
of a lead-acid storage cell? ~ 

Answer. ‘The electrolyte is sulphuric acid, Hz2SOx, diluted with pure distilled 
water. 

2.190. Question. Why is a 45 volt dry cell “B” battery generally con- 
sidered unsatisfactory for use when the terminal voltage has fallen to 
approximately 36 volts? 

Answer. The low voltage indicates that the internal resistance of the battery 
is becoming very high and the current it is capable of supplying in the load circuit 
will fall off very rapidly. This condition also means that the terminal voltage of 
the battery will drop very rapidly from then on if kept in service. 

2.191. Question. What is “polarization” as applied to a primary cell, 
and how may its effect be counteracted? 

Answer. The normal chemical action of a primary cell when being used causes 
“polarization,” which is the forming of hydrogen gas on the surface of the positive 
electrode; the gas acts as an insulator. Some material is included in the cell to 
provide oxygen which will combine with this hydrogen to form water; manganese 
dioxide is the depolarizing agent used in most dry cells. Another type of dry cell 
battery, called “air cell” battery, uses a special porous form of carbon capable of 
taking in oxygen from the atmosphere, which retards the effects of polarization 
and thus increases the useful life of the cell. 

2.192. Question. Name four causes of a decrease in capacity of an Edison 
type storage cell. 

Answer, Four causes of decrease in capacity are: subjecting the cell to fre- 
quent continued overheating, using old electrolyte, using weak electrolyte, and 
refilling the cell with impure water during regular servicing. 

2.193. Question. What causes heat to develop within a storage cell under 
charge or discharge conditions? 

Answer. The heat developed is due to two causes, one being the normal chemi- 
cal actions, and the other, the J? loss which always results when a current flows 
through a resistance, the internal resistance of the cell. In a storage cell the 
internal resistance consists of the plates, electrolyte, or any other materials through 
which the current must flow in going from one terminal to the other within the 
cell. 

2.194. Question. How should sulphuric acid and water be mixed, if it 
becomes necessary to mix it in order to replace lost electrolyte? 

Answer. Mix the solution only in a glass, earthenware, or lead receptacle. 
Place the quantity of distilled water in the receptacle and pour the acid slowly into 
the water—never the water into the acid, because the chemical action of this 
combination is rather violent and might result in body burns due to the steam from 
the water throwing part of the acid out of the receptacle. Allow the mixture to 
cool before taking its specific gravity and before using it in the cell. A relatively 
high specific gravity, about 1.280 to 1.300, is obtained by adding one part of com- 
mercially pure concentrated sulphuric acid to four parts of distilled water. A 
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mixture of one part acid to about five parts water will give a low specific gravity, 
about 1.220, for use in heavy-duty batteries made to handle large current drains 
over long periods without undue heating. 

2.195. Question. How may a dry cell be tested to determine its condition? 

Answer. A standard 6-inch dry cell may be given a momentary short-circuit test, 
using a low resistance ammeter for the purpose, and the cell in good condition 
should show a reading of at least 18 amperes. Smaller dry cells are to be checked 
on a normal load, using a voltmeter to note the drop in terminal voltage. A dry 
cell checked on open circuit with a voltmeter should be discarded when the voltage 
drops to about 20 per cent of the normal rated voltage. 

2.196. Question. What will be the result of discharging a lead-acid stor- 
age cell at an excessively high current rate? 

Answer. The ampere-hour capacity of the storage cell will be reduced below 
its minimum normal rating if discharged at an excessively high rate; the terminal 
voltage of the cell will drop rapidly; excessive heat will be generated. 

2.197. Question. What is the approximate fully charged voltage of an 
Edison cell? 

Answer. The charged voltage is about 1.2 volts. 


Discussion. Other practical values for this type of cell are discharged voltage 0.9 volt and 
charging voltage 1.5 to 1.85 volts. These values vary under different conditions of rate of 
charge or discharge, temperature, specific gravity of the electrolyte, type of cell, and age of 
battery. 


2.198. Question. A 6-volt storage battery has an internal resistance of 
0.01 ohm. What current will flow when a 3-watt, 6-volt lamp is connected? 
Answer. A current of 0.49 ampere will flow. 


Solution: First apply the watt formula in terms of R to find the lamp’s resistance. 


resistance is the sum of the lamp resistance and internal resistance of the battery, 
or 0.01 + 12 = 12.01 ohms. Now to find the current flow apply Ohm’s law for 


6 
t,or [ = — = —— = 0.49 
current, or 7 FOL ampere 


2.199. Question. What is the approximate fully charged voltage of a 
lead-acid cell? 

Answer. The voltage is approximately 2.1 volts. 

2.200. Question. Why is low internal resistance desirable in a storage 
cell? 

Answer. A low internal resistance in a cell under load gives a low internal 
voltage drop, and this is desirable because it allows a higher terminal voltage and 
greater current to flow in the load circuit. 

2.201. Question. What is “local action,” and how may its effects be 
counteracted? 

Answer. Any impure and foreign metals which might be present. in the plates 
of a storage cell, even to a limited extent, causes “local action” to set in. The 
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contact of these dissimilar metallic particles with the plate’ material causes a 
chemical action which produces a current that slowly eats away the plates and 
builds up sulphation. This is known as “local action” and in time decreases the 
e.m.f. of the cell. | 

Local action may be almost entirely prevented by keeping the cell in good con- 
dition through observing proper charge and discharge rates and keeping the bat- 
tery on trickle charge when not in use. 

2.202. Question. What is meant by the term “sulphation” as applied to 
a lead-acid storage cell? 

Answer. The formation of lead sulphate on both sets of plates in a lead-acid 
cell is called “‘sulphation.” 


Discussion. When the expression sulphated battery is used it generally indicates that the 
battery has been abused in service by allowing the sulphation to build up heavy and thick, 
thus making it difficult if not impossible to remove it by ordinary charging methods. If 
after each charging period some sulphate remains on the plates and this practice of under- 
charging is continued, the terminal voltage will be subnormal under load and the ampere- 
hour capacity will be lowered. 

The chemical action which causes sulphation is as follows: During the discharge period of 
the cell the sulphuric acid, H:SOu., breaks up into hydrogen, H, and sulphate, SO.:. The 
sulphate combines with the lead in each set of plates, forming the compound lead sulphate, 
PbSO., and the hydrogen unites with the oxygen of the lead dioxide, PbOe, to form water 
in the solution. As the discharge continues, more sulphate replaces the active materials of 
both plates, which lowers the e.m.f. of the cell, and additional water is formed, which grad- 
ually weakens the electrolyte. . 


2.203. Question. How may the condition of charge of an Edison cell 
best be determined? : 

Answer. The condition of charge can be determined by taking a terminal volt- 
age check with a d-c voltmeter of low range. In addition to a voltmeter, many 
installations for charging Edison batteries provide an ampere-hour meter for prac- 
tical servicing because it shows directly the ampere-hour capacity of the battery. 


Note that a hydrometer will not serve for checking an Edison cell because the specific 
gravity of the electrolyte in this type does not change sufficiently to be used as an indication 


of charge or discharge conditions. 


2.204. Question. If the charging current through a storage battery is 
maintained at a normal rate but its. polarity is reversed, what will result? 

Answer. The answer is given for both types of storage batteries as follows: 

Lead-acid type battery. Charging in the wrong direction reverses the re- 
actions in the negative and positive plates, and after a time a voltmeter would 
show reversed polarities at the terminal posts. However, if the reversed current 
flow is not allowed to continue too long, or the current is not sufficiently high to 
cause overheating, such reversal will not cause permanent damage, but in any 
event, it is to be avoided. To recharge the battery it would be necessary to 
remove the reversed charged condition of the plates by discharging the battery 
completely and then giving it a prolonged charge at a reduced rate. 

Edison type battery. Charging in the wrong direction would cause this type 
of battery to discharge rapidly, but it could be recharged by charging in the cor- 
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rect direction. No permanent damage would result from the attempted reversal 
charging except a temporary loweting of the ampere-hour capacity of the battery. 

2.205. Question. What are the effects of sulphation? 

Answer. The following are effects due to sulphation: Forming of sulphate 
causes both sets of plates to become more and more alike, which has the effect of 
putting the cell in a partially discharged condition, thus lowering the ampere-hour 
capacity ; terminal voltage of the cell is greatly lowered under load; internal resist- 
ance of the cell is increased. 


Discussion. The sulphate, as it slowly forms and fills in the pores, retards the free cir- 
culation of the acid into the interior portions of the plate material. There comes a time when 
the acid cannot get into the plates sufficiently fast to maintain the normal chemical action, 
so the battery becomes less active, as indicated by the rapid dropping of the terminal voltage. 


2.206. Question. How may the state of charge of a lead-acid storage cell 
be determined? 

Answer. The condition of charge of a lead-acid cell may be determined by 
taking a specific gravity reading with a hydrometer. 


Discussion. A voltmeter is generally provided with shipboard emergency power supply 
systems which use heavy-duty storage batteries, to give indications of practical use while 
the battery is under load. In regular servicing, however, the cells are individually checked 
with a hydrometer. A “pilot” cell may be used when daily readings are required. A pilot 
_cell is the cell which is selected for taking gravity readings over a period of time so that 
all cells in a battery need not be checked daily, the pilot cell being rotated periodically. 


2.207. Question. With respect to its use in connection with d-c motors 
and generators, what is the meaning of the term “neutral position”? 

Answer. “Neutral position” is the position in which the brushes are set with 
relation to the armature coils undergoing commutation in order to prevent sparking. 


Discussion. Sparking results when brushes are improperly set with respect to the neutral 
axis. When current flows in the armature of a generator the neutral axis shifts in the 
direction of rotation but in a motor it shifts against the direction of rotation. 


2.208. Question. Why is laminated iron or steel instead of solid metal 
generally used in the construction of the field and armature cores of motors 
and generators? | 

Answer. An iron core made of laminations reduces eddy currents; and in turn 
less heat is generated, which keeps down the power losses in such machines. 


Discussion. A solid mass of iron would heat up excessively because eddy currents would 
build up unrestricted throughout the material. When eddy currents are confined to the in- 
dividual sheets or laminations they can reach only comparatively small values. The power 
used in generating eddy currents, also known as Foucault currents, is a total loss since the 
heat in this case serves no useful purpose. 


2.209. Question. What is meant by “regulation” of a generator? 

Answer. The percentage of change in the output voltage of a generator between 
no-load and full-load conditions compared to the full-load voltage is the “regula- 
tion.” The formula below gives this relation, or 


Emax Stay Enis 
Regulation (in per cent) = Se a x 100 
min 
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2.210. Question. What is the purpose of “commutating poles” or “inter- 
poles” in a d-c motor? 

Answer. “Interpoles” are used to provide sparkless commutation without mak- 
ing it necessary to shift brushes to obtain this condition. 


Discussion. Interpoles of proper polarity are located between the main poles. The inter- 
pole coils are connected in series with the armature coils so that the same current flows 
through both windings, thus setting up opposing fluxes which cancel the effects of self-induction 
in the armature coils, one of the causes of sparking. 


2.211. Question. How may the output voltage of a separately excited 
a-c generator, at constant output frequency, be varied? 

Answer. A generator field rheostat (variable resistance) connected in series 
with the generator field is the practical means used for varying the output voltage. 
Increasing the resistance lowers the field current and decreases the voltage, where- 
as, decreasing the resistance increases the field current and raises the voltage. 

2.212. Question. If the field of a shunt wound d-c motor were opened 
while the machine was running under no load, what would be the probable 
result(s) ? 

Answer. The armature speed would build up almost instantly and tend to race 
away at an exceedingly high speed. This increased speed of rotation might cause 
damage to the machine unless protective devices operate to remove line voltage 
from the armature. The absence of the normal counter e.m.f., due to the loss of 
the field flux, allows excessive current to be drawn by the armature and if un- 
checked, it might burn out the coils. It is possible for a racing armature to tear 
itself apart, or explode, as it is said. 

2.213. Question. Name four causes of excessive sparking at the brushes 
of a d-c motor or generator. 

Answer. A number of possible causes of excessive sparking are given under 
headings which suggest the seat of the trouble as follows: 


(a) Brushes: 
Brushes improperly set with respect to neutral position. 
Improper spring tension; tension too light. 
Brush stuck in holder. 
Worn brushes; improper fit with commutator. 
(b) Commutator: 
Dirty commutator. 
High bars. 
Commutator out-of-round. 
(c) Armature: 
Coil open-circuited. 
(d) Operation of Machine: 
Overloading of motor or generator. 


2.214. Question. What is the purpose of a commutator on a d-c motor? 
On a d-c generator? 

Answer. A commutator functions essentially as a mechanical rectifier. In a 
d-c motor the commutator converts the d-c voltage applied at the brushes to a.c. in 
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the armature, which keeps the current in the coils reversing periodically to cause 
motion. In a d-c generator the alternating current in the armature is changed by 
the commutator to give d.c., or a unidirectional flow in the load connected to the 
brushes. 

2.215. Question. What is meant by “counter e.m.f.” in a d-c motor? 

Answer. While a motor armature rotates there is a generator action going on 
inherently in the armature windings because an e.m.f. is induced in the conductors 
which is in opposition or counter to the line voltage which causes the rotation. 
Owing to this “counter e.m.f.” the actual voltage across the armature is much less 
than the line voltage. 

2.216. Question. What determines the speed of a synchronous motor? 

Answer. The frequency of the a-c voltage applied to the motor determines the 
speed. 

2.217. Question. Describe the action and list the characteristics of a 
shunt wound d-c motor. 3 

Answer. Principle of Action. The counter e.m.f. in the armature of a shunt 
wound d-c motor will decrease by the slowing down of the armature when the 
load is applied; however, the field excitation will remain unchanged. Therefore, 
under such conditions of decreased counter e.m.f. the line voltage sends a larger 
current to the armature, which tends to increase the speed and compensate for 
the reduction in speed caused by the load. In determining the speed at any given 
load, practical use is made of the fact that the counter e.m.f. in the armature 
depends upon field strength and armature speed. 


Characteristics. A shunt type d-c motor has fairly good speed-load characteristics. It is 
sometimes called a constant speed machine, although it is not quite constant but falls off slightly 
with increased load. If an unchanging load is applied the speed will drop somewhat at first, 
but thereafter it will remain steady at the reduced speed. The two main electrical character- 
istics are low starting torque and nearly constant speed regulation. A physical characteristic 
of this type of motor is the use of a field having comparatively high resistance compared to 
the armature. 


2.218. Question. Describe the action and list the main characteristics 
of a series d-c motor. 

Answer. Principle of Action. In a series type motor the field strength is 
affected by the armature speed since the same current flows through both the field 
and armature coils in series. Therefore, the slowing down of the armature for 
any reason will increase the flux set up by both windings, field and armature, 
which has the effect of increasing the torque. Decreased speed lowers the counter 
e.m.f. and allows more current to flow in the field and armature. Removing the 
load would cause the armature to race, and for this reason the load is kept applied 
to all series d-c motors; they are designed to start under load. Motors of this 
type are used in applications where a large starting torque is required, such as 
electric street cars. 


Characteristics. The main characteristics of a series d-c motor are large starting torque 
which permits quick starting; the torque increases at lower speeds; the speed depends on 
the load and decreases with increase of load. 
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2.219. Question. Describe the action and list the main characteristics of 
a series d-c generator. 

Answer. In a series type generator the load current flows ‘copes both the 
armature and field windings in series; changes in load current affect the field 
strength and in turn the output voltage. If the load current increases the gener- 
ated voltage increases and the internal voltage drop in the armature also increases. 
This type operates satisfactorily on a constant-current line, such as in certain 
types of lighting circuits in which all of the lamps are in series and the current 
through them is kept appreciably steady. 


Characteristics. The main electrical characteristics are that the voltage rises with increase 
of load and lowers with reduction of load; the voltage depends entirely on the load. A 
physical characteristic is that the field winding is made up*of comparatively few turns of 
heavy wire to carry full line current. 


2.220. Question. To obtain an output frequency of 60 cycles per second, 
a 6-pole alternator must be driven at what number of r.p.m.? 

Answer. The armature must turn over at 1,200 r.p.m. 

Solution: The basic formula to find frequency is 


where f = cycles per second, 


N orp.m.  N Xr.p.m. 
2 N = number of poles. 


60 120 


Hence, to find the r-.p.m. we write this formula another way, or 


120° 4002120 
r.p.m. ~~ == A = 10 X 120 = 1,200 


2.221. Question. Describe the action and list the main characteristics of 
a self-excited shunt wound d-c generator. 

Answer. The self-excited shunt field is connected across the brushes so that 
some residual magnetism must be present in the field poles to permit a small e.m.f. 
to be generated at the time of starting. The initial e.m.f. upon starting sends a_ 
small current through the field which builds it up, and in turn a larger voltage is 
generated. When the load is applied and current is drawn through the armature 
there is an internal voltage drop which tends to reduce the voltage at the brushes, 
and hence the field gets a reduction in voltage and current, which in turn cuts 
down the output voltage. However, small changes in current through the shunt 
field, consisting of many turns of fine wire, have only a slight effect on the output 
voltage. A rheostat in series with the field will permit control of the output. 


Characteristics. The main electrical characteristic is fairly good voltage regulation, so 
that such machines are generally classified as constant potential generators. Another is that 
in machines of this type the total armature current is divided into the small portion that 
flows in the field and the larger current that flows in the line. 


2.222. Question. Describe the action and list the main characteristics of 
a flat-compounded d-c motor. 

Answer. A flat-compounded d-c motor, or differential compound motor, has 
two fields, one connected in shunt and the other in series with the armature, with 
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the respective field fluxes bucking each other. Hence, if the load on the motor js 
increased the resultant total field will be weakened because the armature in tending 
to slow down reduces the counter e.m.f. which allows a larger current to flow in 
the series field. A stronger series field weakens the total field flux, which tends 
to increase armature speed ; in this action the field excitation is varied by changes 
in load and armature current; the shunt field remains constant since it is energized 
from the line. 


Characteristics. The main characteristics are low starting torque and practically uniform 
speed over a wide range of load conditions. This type of motor is used widely for motor- 
generator sets in commercial radio transmitters where constant speed characteristics are a 
requirement. 


2.223. Question. What is the output frequency of a generator having 
10 poles and revolving at 1,200 r.p.m.? 

Answer, The frequency is 100 cycles. 

Solution: Applying the frequency formula and inserting known values, we have 


ye N yc PM 10 X 1,200 
tis, ANG 120 


= 100 cycles 


2.224. Question. How may the direction of rotation of a shunt wound 
d-c motor be reversed? 

Answer. The direction of rotation in this type motor may be reversed by 
reversing connections at the field terminals, or by reversing connections at the 
armature. That is, either one pair of connecting leads or the other may be 
reversed from their present connections, but both pairs must not be reversed to- 
gether. 

2.225. Question. Why are series motors not used for radio motor-gener- 
ator sets? 

Answer. A series motor has a variable speed characteristic under variable load, 
which makes it unsuited for radio motor-generator sets because the regulation 
would be exceptionally poor. Furthermore, such machines must operate with a 
load always kept applied, which would be impracticable in radio power supply 
applications. 

2.226. Question. Why is carbon commonly used as a brush material? 

Answer. Carbon is a relatively soft material which can be easily sanded to fit 
a commutator to give good electrical contact. Although a soft material, carbon 
has good wearing properties and requires infrequent replacement, which makes it 
desirable from a service standpoint. The heat generated at the point of contact 
owing to friction is not objectionable when proper brush tension is maintained. 
The heat set up by a carbon brush is far less than for a metal brush under similar 
conditions of brush contact area. A carbon brush gradually wears away without 
any harmful effects on a commutator, such as scoring, because of the polishing 
action at high speeds; the carbon helps to keep the commutator surface in good 
condition. Other points to mention are that carbon can be readily worked into 
different shapes and is relatively inexpensive. 


62 HOW TO PASS RADIO LICENSE EXAMINATIONS ELEMENT 2 


2.227. Question. If a self-excited d-c generator failed to build up to 
normal output voltage when running at normal speed, what might be the 
cause and how could it be remedied? 

Answer. The absence of residual. magnetism in the field poles might be the 
cause. A self-excited d-c generator depends upon this residual magnetism to 
produce a small voltage at the time of starting, which soon builds up to provide a 
normal field. The remedy is to insert a source of d-c voltage in series with the 
field, such as a battery, to send current through the winding, which will remag- 
netize the iron sufficiently for starting. The exciting source should be removed 
later and the field circuit closed to give it continuity. 

2.228. Question. A transformer having a center-tapped secondary is used 
with a full-wave rectifier with the transformer center-tap for the common 
negative return; if the transformer was connected for full-wave bridge 
rectification, what would be the effect upon the output voltage? 

Answer. The output voltage would be doubled by the new connection. The 
ripple frequency in the output voltage wave would be the same in both cases. 

2.229. Question. If a high voltage rectifier system was changed from a 
full-wave, center-tapped transformer connection to a bridge connected, full- 
wave rectifier system using the same high voltage transformer, what change 
in the filter components would be necessary? 

Answer. Filter components rated at twice the former voltage would be required, 
and other considerations would have to be taken into account, such as any possible 
increase in load current (power output) which would affect the rating of the 
chokes. Also, filter capacitors of smaller capacitance rating could be used at the 
higher voltage. 

2.230. Question. List the main advantages of a full-wave rectifier as 
compared to a half-wave rectifier. 

Answer. The main advantages of a full-wave rectifier over the half-wave type 
are a more constant d-c potential using a comparatively smaller filter system and a 
lower order of hum level. The advantages mentioned are due in the main to a 
full-wave rectifier giving twice the number of d-c pulsations (twice the ripple 
frequency) resulting in a smoother d-c output wave. 

2.231. Question. Using a plate transformer having a secondary voltage 
of 500 volts r.m.s. in a single phase half-wave rectifier working into a con- 
denser input filter, what would be the minimum allowable d-c working- 
voltage rating for the filter input condenser? 

Answer. 2,000 volts is a safe voltage rating. To answer this question, first 
determine the peak voltage at which the condenser will be charged, or 500 x 1.41 
= 705 volts, peak voltage. Then ensure ample protection from breakdown. 

2.232. Question. A single phase power transformer, with secondary cen- 
ter tapped, has total secondary voltage of 2,000 volts r.m.s. When used in 
a full-wave rectifying circuit and condenser input filter, the filter input 
condenser should have what continuous d-c working-voltage rating? 

Answer. 4,000 volts is a safe voltage rating. First determine the peak voltage 
at which the condenser will be charged. Because of the center-tapped secondary 
the total secondary voltage, or 2,000 volts, is divided in half, or 1,000 volts, which 
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is multiplied by 1.41, giving 1,410 volts, peak voltage. A safe voltage rating of 
the condenser under continuous d-c working conditions would be 4,000 volts. 

2.233. Question. Why may a transformer not be used with direct current? 

Answer, Direct current sets up a steady flux which will not cause induced 
voltage effects in the secondary ; it requires a varying current in the primary to get 
a secondary voltage. The transformer operates on the principle of electromagnetic 
induction. 

2.234. Question. Draw a simple schematic diagram of a half-wave, three- 
phase rectifier system. 

Answer. See Figure 39, 


3¢ 
POWER LINE 


1¢ 
DELTA PRIMARY ‘“Y” SECONDARY A-C LINE 
Fic. 39. Half-wave three-phase rectifier with choke-input filter. 


2.235. Question. What are the primary advantages of a high-vacuum 
rectifier as compared with the hot-cathode mercury-vapor rectifier? 

Answer. The primary advantages of a high-vacuum rectifier over a hot-cathode 
mercury-vapor type are listed as follows: 

(a) Not readily subject to breakdown due to flash-back; high-vacuum types 
have a higher maximum peak inverse voltage rating. 

(b) More rugged; under improper working conditions the filament is not 
subject to complete loss of emission because in the high-vacuum type ionization 
principles are not involved in the action. 

(c) Operation is much quieter where conduction in a tube is through a high 
vacuum. 

(d) A condenser input to the filter can be used with its accompanying advan- 
tages. 

(e) Higher output ratings are generally more possible. 

(f) Cooling requirements are less stringent; high-vacuum rectifiers can be 
operated at comparatively high temperatures without danger because over-ioniza- 
tion effects are not involved as in mercury-vapor tubes. 

2.236. Question. What are the primary characteristics of a gas-filled 
rectifier tube? 

Answer. The primary characteristics of a gas-filled rectifier are listed as follows: 

(a) Low internal resistance; low JR drop. 
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(b) High current output; the negative space charge being effectively removed 
during conduction allows practically full electron emission at the filament to be 
drawn as plate current. 

(c) The current rise is steep immediately after the tube begins conducting on 
each cycle, which results in a noisy output unless effective means are provided to 
cope with this disadvantage. 

(d) Peculiar colored glow, greenish-blue, indicates normal action. 

(ec) At low filament temperatures the filament is bombarded and excessive con- 
ditions will cause permanent damage by loss of its emission properties, that is, 
complete deactivation occurs. 

(f) Comparatively low inverse peak voltage rating ; operating a gas-filled recti- 
fier at excessive high temperatures causes overionization, which makes flash-back 
easily possible. 

2.237. Question. What are the primary advantages of a mercury-vapor 
rectifier as compared with the thermionic high-vacuum rectifier? 

Answer. The primary advantages of a mercury-vapor rectifier are as follows: 

(a) Low internal voltage drop; about 15 volts. 

(b) Practically perfect voltage regulation; this is because the voltage drop in 
the tube remains about 15 volts regardless of the amount of current drawn under 
normal conditions, whereas voltage drop in a high vacuum varies with load. 

(c) Filament requirements are less for a given output than in the case of the 
high-vacuum type; practically all of the emission at the filament is useful in 
supplying output current, which is possible owing to cancellation of the negative 
space charge in a mercury-vapor tube. 

(d) In tubes of comparative ratings the mercury-vapor type runs cooler and 
the need for special forced air circulation or water cooling is not usually a con- 
sideration. However, the operating temperature limits are rather critical in a 
mercury-vapor tube and if allowed to go much above 115° F. permanent damage 
might result owing to overionization ; therefore adequate forced circulation of air 
under some conditions might be necessary. 

2.238. Question. Why is it desirable to have low resistance filter chokes? 

Answer. A low resistance choke allows a higher voltage to be obtained from 
the output for the reason that the d-c component flowing in a low resistance gives 
a low voltage drop. 

2.239. Question. Why is it necessary to use choke input filter systems 
in connection with mercury-vapor rectifier tubes? 

Answer. A choke input lowers the peak voltage appearing across the tube and 
thus protects the tube from possible danger of flash-back. 

2.240. Question. What are the primary characteristics of a choke input 
filter? 

Answer. The primary characteristics of a choke input filter are as follows: 

(a) Lower peak voltages due to current surges. 

(6) Lower comparative voltage at the filter output. 

(c) Good voltage regulation; this is because the output of the rectifier tubes 

works into a choke which has a steadying effect on the current. 
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2.241. Question. What are the primary characteristics of a condenser 
input filter? 

Answer. The primary characteristics of a condenser input filter are as follows: 

(a) Voltage at the filter output is higher than with choke input. 

(b) Higher peak voltages build up across the filter input. 

(c) Voltage regulation is only fair and not nearly as good as with choke input. 

2.242. Question. What is the primary purpose of a “swinging choke” in 
a filter system? | 

Answer, The primary purpose of a “swinging choke” in a filter system is to 
maintain the necessary inductance, or impedance, at the rectifier output for widely 
changing load conditions. The inductance of the choke changes with the d-c 
component; for example, as the direct current increases the voltage drop across 
the coil decreases, which tends to stabilize the effect in a filter such as might be 
used in a class B amplifier power supply. See answer to Question 5.108. 

2.243. Question. Why does the output of a d-c generator generally re- 
quire less filtering than the output of a rectifier system? 

Answer. A generator produces overlapping pulses of d-c voltage in which the 
amplitude of the ripple or a-c component is small when compared with the large 
amplitude of rectified a-c pulsations of a rectifier system. 

2.244. Question. When filter condensers are connected in series, resistors 
of high value are often connected across the terminals of the individual 
condensers. What is the purpose of this arrangement? 

Answer. The purpose of connecting a resistor across each condenser unit is 
to protect the condenser from being subjected to excessive high voltage which 
might damage it. If there is any variance in the internal resistances of condensers 
in a series bank the one with the highest internal resistance will have the highest 
voltage applied to it. Also, the a-c component will cause the peak voltage to be 
highest across the condenser of lowest capacitance. The resistors being in series 
and connected across the line form practically a voltage divider which allows the 
line voltage to be distributed proportionally across the individual condensers to 
keep them working within safe limits. 

2.245. Question. Draw a diagram of a bridge type, single phase rectifier 
employing mercury-vapor type tubes and connected to a choke input, two- 
section filter system, including a bleeder resistance. 

Answer. See Figure 40. 

2.246. Question. Draw a diagram of a full-wave, single phase rectifier 
employing thermionic vacuum tubes, connected to a condenser input, two- 
section filter system, and including a bleeder resistance. 

Answer. See Figure 41. | 

2.247. Question. Draw a diagram of a half-wave rectifier system employ- 
ing thermionic rectifier tubes and a two-section, condenser input filter 
system. 

Answer. See Figure 42. | 

2.248. Question. What is the primary purpose of a “bleeder” as used in 
a filter system? 

Answer. A bleeder in a filter system prevents voltage surges and dangerous 
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Fic. 40. Full-wave bridge-type rectifier with choke-input filter. 
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Fic. 42, Half-wave rectifier with condenser input filter. 
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peak voltages from developing during reduced load or no-load conditions on a 
rectifier. A small fixed load is kept applied at the rectifier output by a bleeder. 
Another advantage from its use is improved regulation, although the useful voltage 
at the rectifier output is lowered somewhat by the load presented by the bleeder. 
Also, filter condensers can discharge into a bleeder under no-load conditions, or 
when the rectifier is shut down, which removes a hazard to personnel working on 
the equipment ; otherwise large filter condensers could hold their charge for some 
time after a rectifier is placed out of operation. 

2.249. Question. If the frequency of the supply source is 60 cycles, what 
is the output ripple frequency of a three-phase, full-wave rectifier? 

Answer. 360 cycles. 

Calculation: Since every half-cycle of each phase gives a pulsation, or rectified 
wave, then it follows that 2 rectified waves per phase multiplied by 3 phases multi- 
plied by 60 cycles per second equals 360 cycles, the ripple frequency. 

2.250. Question. If the frequency of the supply source is 60 cycles, what 
is the output ripple frequency of a single phase rectifier, full wave? 

Answer. 120 cycles. 

Calculation: Each cycle produces 2 pulsations, or rectified waves, hence 2 recti- 
fied waves per phase X 1 phase X 60 cycles per second = 120 cycles per second. 

2.251. Question. If the plates of a full-wave high vacuum rectifier tube 
became red hot during operation, what may be the cause(s) of this con- 
dition? 

Answer. Several causes of a high vacuum rectifier tube running red hot are 
excessive load, which may be due to improper adjustments of circuits receiving 
power from the rectifier, or a shorted filter condenser or short somewhere in the 
output, or the trouble may be in the tube itself; for example, formation of gas 
might make the tube “soft.” 

2.252. Question. List the primary characteristics of a high voltage plate 
supply as compared with a low voltage plate supply, considering the capac- 
ity of the filter condensers required to provide a given degree of filtering. 

Answer. For condenser input pi (7) filters or for simple combinations involv- 
ing only a condenser across the load, the capacitance required varies as the d-c 
load current and inversely as the d-c output voltage. Accordingly, for the same 
d-c output power, a high voltage supply with relatively low current would require 
much less capacitance for a given degree of filtering than would a low voltage 


supply. 


Discussion. If the filter is a choke input type, then for a given type of rectification (half- 
wave, full-wave, bridge type, etc.) the product of L&C depends solely upon the allowable 
percentage ripple referred to the output voltage. On the other hand the minimum value of L 
varies inversely with the d-c output current. Low voltage rectifiers usually have a higher 
d-c output current than high voltage types. Accordingly the minimum L can be smaller and 
for this reason the value of C to accomplish a given amount of filtering must be higher in low 
voltage rectifiers. 


2.253. Question. How may radio-frequency interference from gaseous 
rectifier tubes be minimized? 


Answer. Shielding of the rectifier tube with the shield grounded, inserting an 
r-f choke in the plate lead close to the plate terminal of the tube socket, and the 
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use of a buffer condenser connected from plate to ground are various means found 
in practice for minimizing r-f interference from a gaseous type rectifier tube. 

2.254. Question. What is the primary purpose for having choke input 
to a filter when using mercury-vapor type rectifier tubes? 

Answer, A choke at the input of a filter cuts down current peaks to safe values 
which will not damage the filaments of low impedance rectifier tubes of the mer- 
cury-vapor type. Incidentally, a choke at the filter input improves regulation 
because it provides sufficient a-c impedance to limit the peaks caused by the steep 
wave-front of current, which is characteristic of mercury-vapor tubes. 

2.255. Question. Describe the construction and characteristics of a ther- 
mocouple type of meter; of a wattmeter. 

Answer. Thermocouple type of meter. A thermocouple consists of two dis- 
similar metals, such as bismuth, antimony, or constantan brought together under 
pressure at a junction; the heat generated by a current flowing through the junc- 
tion will set up an e.m.f. which in turn will cause a direct current to flow to a 
sensitive d-c milliammeter connected across the junction. Radio-frequency cur- 
rents can be readily measured in this manner because the r.f. flows only through 
the junction, not the meter, and the effective alternating current equals the direct 
current in its heating properties. Thermocouple meters on the whole are sensitive 
instruments and subject to easy burnout, since the heat generated by the couple 
increases as the square of the current. In many such instruments the thermo- 
couple is a separate unit connected to the d-c meter and in others the couple is 
mounted on the back of the d-c meter case in a way that permits the most direct 
path for the radio frequencies. Although calibration is subject to error on ultra- 
high frequencies this does not restrict the use of such meters in general. 

Wattmeter. A wattmeter is essentially a combined voltmeter and ammeter used 
to measure power, and the coils which produce the necessary flux are connected 
respectively in series and in shunt with the line. The fixed coils are connected in 
series and the moveable coil, mounted between them and carrying the indicating 
vane, is connected across the line. Because of their connections with respect to the 
circuit the fixed coils are called current, or ampere, coils while the moveable one is 
known as a voltage, or potential, coil. A voltage dropping resistor must be used 
in series with the potential coil similar to the use of a multiplier in a voltmeter. 
In a wattmeter the magnitude of the total flux at any moment depends upon the 
instantaneous values of voltage and current in the line. Hence the power factor 
of the load is taken care of automatically because the force which acts to turn the 
moveable coil is proportional to these instantaneous values. This relation permits 
the scale of the meter to be calibrated directly in watts to read true power, that 
is, the power being consumed or the energy expended in the circuit at any moment. 

2.256. Question. Describe the construction and characteristics of a 
“D’Arsonval” type meter. 

Answer. The D’Arsonval type meter consists essentially of a permanent mag- 
net, a scale, and a pointer rigidly attached to a moveable coil, the coil being 
mounted on delicate bearings between the poles of the magnet. Small springs are 
arranged to pull back the coil and return the pointer, or vane, to zero scale position 
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when no e.m.f. is applied to the coil. This type of instrument operates only on 
direct current. 

The coil rotates when current flows because a force is set up when the flux 
of the coil tends to displace the flux of the permanent magnet. This action is 
similar in principle to the rotation of a motor armature when its coils carry cur- 
rent in a magnetic field of constant density. The amount of deflection or move- 
ment is directly proportional to the intensity of the current in the coil and pro- 
portional to the \/R, that is, the deflection is proportional to the square root of 
the power dissipated in the coil. Since the coil rotates in a field of constant density 
the divisions as marked on the meter scale are uniformly separated. 

2.257. Question. Describe the construction and characteristics of a re- 
pulsion type ammeter. 

Answer. The repulsion type ammeter is a moving vane type of meter consist- 
ing essentially of a coil and two soft iron pieces disposed in such a manner that 
they are similarly acted upon by the flux; when current flows the iron pieces repel 
each other because they are similarly magnetized. One of the soft iron pieces is 
fixed in position but the other, carrying a pointer, is mounted on a bearing to 
permit free movement for indicating the amount of repulsion. Since an alternating 
current changes the polarity of the iron pieces similarly each half cycle the repul- 
sion effect between them continues; hence either a direct current or a current 
changing in direction will operate the movement. This type of meter has com- 
paratively low sensitivity; a hysteresis loss error is introduced because of the soft 
iron pieces ; it is limited to use at commercial power frequencies. 

2.258. Question. Describe the construction and characteristics of a dyna- 
_ mometer type indicating instrument. 

Answer, A dynamometer type meter does not use a permanent magnet for its 
stationary field, but instead fixed coils supply the field in which the moveable coil, 
carrying the indicating vane, is located. The construction is somewhat similar to 
the wattmeter. In principle this meter depends upon the interaction of two fields, 
the stationary field being set up by two fixed coils between which is mounted the 
moveable coil. This type of meter is used only at commercial power frequencies, 
not for radio frequencies. | 

2.259. Question. Describe the construction and uses of an ampere-hour 
meter. 

Answer. An ampere-hour meter depends for its operation upon the rotation of 
a nonmagnetic disc, such as a copper or aluminum disc, floating in a pool of mer- 
cury to provide electrical continuity, with the disc located in a magnetic field set 
up by a permanent magnet. When current flows through the disc, eddy currents 
are set up in it which cause it to rotate one way or the other depending upon the 
direction of the current flow. The disc is attached to a shaft and through suitable 
gearing to the indicating pointer which permits the reading of current flow over 
a period of time, or ampere-hours. Meters of this type are found in battery 
charging installations, where they indicate the charged and discharged condition 
of battery banks in ampere-hours capacity. A commercial type ampere-hour meter 
is provided with an adjustment for making the movement and pointer travel rela- 
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tively slower on a charging line than on discharge to compensate for losses in 
the battery. 

2.260. Question. Describe the construction and characteristics of a hot- 
wire type indicating instrument. 

Answer, The hot-wire ammeter depends for its action on the expansion of a 
resistance wire when heated by the current being measured, the sag in the wire 
being carried through a suitable spring and pulley arrangement to the indicating 
pointer which passes across the calibrated scale. There is a considerable time lag 
in such a movement owing to the relatively slow heating up and cooling off of the 
wire; and in addition the kind of alloy wire used readily overheats on slight over- 
loads and if allowed to become red-hot will likely break. Hot wire meters are 
simple in construction, they do not hold their calibration at varying temperatures, 
and are subject to a fairly large zero error. 

2.261. Question. Why is constantan often used in the construction of 
voltmeter “multiplier” resistors? 

Answer. Constantan wire has a zero temperature coefficient, therefore when 
used for multiplier resistors the temperature error is eliminated, giving the volt- 
meter a greater percentage of accuracy. The resistance of constantan, an alloy 
of copper and nickel, remains practically unchanged over a wide range of tempera- 
ture changes. 

2.262. Question. A voltmeter is described as having “1,000 ohms per 
volt.” What current is required to produce full-scale deflection? 

Answer. A current of 1 milliampere, or 0.001 ampere, will give full-scale de- 
flection. 


Calculation: If the voltage at full scale and the total resistance of the meter were given 
it would be easy to see that by applying Ohm’s law formula, J = E/R, the current could be 
found for any given values of E and R. However, when we have only the rating of the 
meter given in terms of sensitivity, such as 1,000 ohms per volt, as in this problem, it is still 
possible to use the same formula and get the same answer by using these given values, 1 volt 
and 1,000 ohms. The proportionality expressed by Ohm’s law explains this clearly. Hence, 
I = 1/1,000 = 0.001 ampere. 


2.263. Question. If two voltmeters are connected in series, how would 
you be able to determine the total drop across both instruments? 

Answer. The total drop across both instruments is the sum of the two meter 
readings, 

2.264. Question. What types of meters may be used to measure radio- 
frequency currents? 

Answer. Types of meters used are the thermocouple and the hot-wire types. 

2.265. Question. If two voltmeters are connected in parallel, how may 
the total voltage drop across both instruments be determined? 

Answer. The same voltage is across each voltmeter when connected in parallel 
and if the readings are in exact agreement either meter alone would give the actual 
voltage drop across them. If they do not read alike the average of the two readings 
could be taken as the total voltage. 

2.266. Question. How may the current indicating range of a thermo- 
couple be increased? | 
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Answer, The indicating range of the meter attached to a thermocouple may be 
increased by inserting a voltage dropping resistor in series with the meter con- 
nection. Ordinarily, it is not advisable to use resistance shunts, or current trans- 
formers at the thermocouple itself to accomplish this purpose, although it may 
be done. Another method is to connect a low Capacitance in series with the ther- 
mocouple and then connect this combination across a high capacitance which is 
in series with the circuit. 

2.267. Question. Why are copper-oxide rectifiers, associated with d-c 
voltmeters for the purpose of measuring a.c., not suitable for the measure- 
ment of voltages at radio frequencies? 

Answer, A radio-frequency current through a copper-oxide rectifier would 
cause a large heat loss in such a unit, and voltage readings of reasonable accuracy 
could not be expected from the rectifier. , 

2.268. Question. If two ammeters are connected in parallel, how may 
the total current through the two meters be determined? 

Answer, The total current is the sum of the two readings. 

2.269. Question. Is the angular scale deflection of a repulsion iron vane 
ammeter proportional to the square or square root of the current, or merely 
directly proportional to the current? 

Answer. The angular scale deflection of a repulsion iron vane ammeter is pro- 
portional to the square of the current. 

2.270. Question. Does an a-c ammeter indicate peak, average, or effective 
values of current? 

Answer., An a-c ammeter indicates effective values of current. 

2.271. Question. If two ammeters are connected in series, how may the 
total current through the two meters be determined? 

Answer. The total current is the reading of either meter alone, providing they 
read alike. If they read slightly different the average of the two could be taken 
as the total. | 

2.272. Question. Given a milliammeter of full-scale deflection equal to 
1 milliampere and an internal resistance of 50 ohms, what value of shunt 
resistance must be connected across the meter terminals to permit full-scale 
deflection at a current value of 51 milliamperes? 

Answer. The shunt resistance must be 1 ohm. 


Computation: The use of ratio will solve the problem. At the new line current of 51 milli- 
amperes, the shunt will take 50 milliamperes and the meter will still take 1 milliampere, since 
it is a 1 milliampere movement on full-scale deflection. Comparing the two known current 
values in relation to the meter’s known resistance and the unknown shunt resistance we get 


IRahnt = af meter 


Rmeter f, shunt 
Restating the above in terms of the unknown shunt resistance and expressing the current, J, in 
amperes: 
Pe tie 0.001 


Rshunt. = rah X Kmeter = 005 OU i= tao iE 
shunt i 


2.273. Question. Given a milliammeter of full-scale deflection equal to 
1 milliampere and an internal resistance of 50 ohms, what value of addi- 
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tional series resistance must be used to permit operation as a voltmeter 
with a full-scale deflection at 70 volts? 

Answer. The series resistance required to make the milliammeter serve as a 
voltmeter is 69,950 ohms. | 


Computation: First find the voltage required to make the meter movement read full scale, 
thus, E =I R = 0.001 & 50 = 0.05 volts. Now, if 70 volts is to be applied across the com- 
bined meter and resistance in series, then by subtracting 0.05 volts from 70 volts, we get 69.95 
volts, the voltage drop across the resistor itself. Knowing that on full-scale reading the 
current through the meter and resistor in series will still be 1 milliampere, and having just 
found the voltage drop across the resistance to be 69.95 volts, the value of the resistance is 
determined by using R = F/I; therefore R = 69.95/0.001 = 69,950 ohms. 


2.274. Question. How may a d-c milliammeter, in an emergency, be used 
to indicate voltage? . 

Answer. A resistance of suitable value connected in series with the milliam- 
meter would allow it to be used as a voltmeter. However, good judgment would 
have to be exercised to prevent meter burnout if neither the approximate voltage 
to be indicated nor the rating of the meter were known. Allowing that the desired 
full-scale voltage is known and the milliammeter is a standard model whose rating 
is easily ascertained, then the value of the multiplier resistance, R, could be quickly 
determined by applying the following formula: 


, Where F; = full-scale voltage desired, 
FE, = voltage drop in meter for full-scale deflection, 
I = current in amperes in meter for full-scale deflection. 


I 


2.275. Question. What is the purpose of a multiplier resistance used 
with a voltmeter? 

Answer. A multiplier resistance used with a voltmeter permits the indicating 
range of the meter to be increased. 

2.276. Question. What are the limitations on the use of copper-oxide 
rectifiers used with d-c meters? 

Answer. The frequency of the alternating current that is to be rectified is the 
main limitation; the copper-oxide rectifier is used widely on commercial power 
frequencies, or a low order of frequencies, but serious error in readings would 
result if used at radio frequencies owing to high temperature developed in the 
rectifier. Other limitations are the comparatively low current and voltage values 
that might be handled, although rectifier units are assembled in various series and 
parallel arrangements to offset this apparent disadvantage, and the copper-oxide 


rectifier undergoes internal changes inherent in such units over a-period of time — 


and service which makes it necessary to recalibrate frequently if accurate readings 
are desired. 

2.277. Question. What type of indicating instrument is best suited for 
use in measuring radio-frequency currents? 

Answer. An r-f ammeter of the thermocouple type. 

2.278 Question. What is the purpose of a “shunt” as used with an am- 
meter? 

Answer. A shunt allows the indicating range of the meter to be increased. 
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2.279. Question. What effects might be caused by a shorted grid con- 
denser in a three-circuit regenerative receiver? 

Answer. A shorted condenser would also short the grid-leak and the very 
principles upon which this type of detector functions would be completely upset ; 
theoretically it would be inoperative because the modulation voltage normally pro- 
duced across the grid condenser would be lacking and the plate current would 
contain no audio-frequency component by which the signal could be heard. How- 
ever, under some conditions of operation it might be possible for the detector to 
oscillate and act as a beat detector, and if so continuous-wave telegraph signals 
could be received, although the sensitivity and control of the receiver in general 
would be greatly impaired. 

2.280. Question. What would be the effect of a short-circuited coupling 
condenser in a conventional resistance coupled audio-amplifier? 

_ Answer. A short-circuited coupling condenser would allow positive plate po- 
tential to be applied to the control grid of the tube following the coupling con- 
denser. An amplifier control grid with high plate voltage on it would cause 
excessive grid and plate currents and would result in paralyzing the amplifier ; that 
is, no signal could go through. Furthermore, the tube itself might become dam- 
aged or partly so; if the grid and plate elements were allowed to run red-hot too 
long this might open the grid or introduce gas in the tube, thus making it “soft.” 

2.281. Question. What might be the faults which make a regenerative 
receiver unable to regenerate or oscillate? 

Answer. The most common faults which might make it impossible for a 
receiver to regenerate or oscillate are as follows: 

1. Insufficient coupling between plate and grid, that is, insufficient feed-back. 

2. Low operating voltages: Low plate voltage, low filament voltage. 

3. Low emission tube. 

4. Reversed tickler coil connection. 

9. Open-circuit or short-circuit conditions in general, but more specifically 
troubles due to: 

(a) Open pigtail connections at tickler, or tuning elements, 
(b) Open grid leak resistance. 
(c) Short-circuited grid condenser. 

6. Poor circuit connections which might introduce a high resistance to radio 
frequencies, for example, poorly soldered joints called rosin joints, corroded con- 
nections in the wiring, or faulty switch contacts which may be dirty or worn. 

7. Reversed plate or filament potentials. 

2.282. Question. What would be the effect of an open grid-leak resistor 
in a three-circuit regenerative receiver? 

Answer. Failure of the receiver to oscillate or regenerate would result from 
an open grid-leak resistor under normal conditions. However, a high resistance 
leakage path between the terminals which hold the grid-leak, such as might result 
from accumulation of dirt and moisture, would possibly permit reception, but 
the signal response would be adversely affected. 

2.283. Question. What might be the cause of low sensitivity of a three- 
circuit regenerative receiver? 
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Answer. The principal causes of low sensitivity might be traced to improper 
value of grid-leak resistance, low filament voltage, and low plate voltage, especially 
when a ‘“‘B” battery is used and allowed to become “weak.” Another cause might 
be reversed tickler coil connections, a possibility when circuit rewiring has been 
done. 

2.284. Question. If the plate current of a vacuum tube changed 5 milli- 
amperes for a grid voltage change of 2.5 volts, what is the value of trans- 
conductance? 

Answer. 2,000 micromhos. 


Calculation: Transconductance, or mutual conductance, is the conductance across the tube 
from grid to plate. Transconductance, Sm, equals the change in plate current, d/p, divided by 
the change in grid voltage, 6&,, or 


Sm = — = —— = 2,000 micromhos 


Note. The symbol delta, 6 or A, is used to denote the amount of change in a value. 


2.285. Question. In a self-excited oscillator employing only grid-leak 
bias, what would result if oscillations cease? 

Answer. The grid would lose its negative bias and allow the plate current to 
rise excessively, with probable damage to the tube unless overload protection was 
provided. 

2.286. Question. In a shunt-fed plate circuit of a vacuum-tube amplifier, 
what would result if the plate radio-frequency choke developed a short 
circuit? 

Answer. The resonant conditions between the grid and plate tanks would be 
greatly upset because of the change in plate impedance, and as a result the d-c 
plate current would rise and normal r-f output could not be expected. A short- 
circuited r-f plate choke would place an additional impedance, the resistance of 
the d-c plate power supply, in shunt with the plate r-f tank from plate to ground 
and in effect is like short-circuiting the output so far as r.f. is concerned. 

2.287. Question. In a series-fed plate circuit of a vacuum-tube amplifier, 
what would result if the plate supply bypass condenser developed a short 
circuit? 

Answer. A short-circuited bypass condenser would also cause the plate d-c 
power supply to be short-circuited since the positive d-c line would be grounded. 
If this happened the amplifier not only would be inoperative but serious damage 
to the power supply might result if overload protection were not provided. 


2.288. Question. In a shunt-fed plate circuit of a vacuum-tube amplifier, — 


what would result if the plate radio-frequency choke developed an open 
Circuits 
Answer. Plate voltage would be removed from the tube, making it inoperative. 
2.289. Question. In a shunt-fed plate circuit of a vacuum-tube amplifier, 
what would result if the plate blocking condenser developed a short-circuit? 
Answer. A short-circuited plate blocking condenser would cause the plate d-c 
power supply also to be short-circuited through the low d-c resistance path fur- 
nished by the plate tank coil; in other words, the plate positive high voltage would 
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be grounded. This trouble would result in damage to the plate power supply if 
plate overload protection were not provided. 

2.290. Question. What is the effect of local action in a lead-acid storage 
cell and how may it be compensated? 

Answer. Local action causes a slow forming of sulphation on the plates, the 
effect of a very gradual discharging of the cell, which in time will decrease the 
ampere-hour capacity of the cell. 

Local action may be compensated by keeping the cell in good condition, by 
maintaining correct charge and discharge rates, and by keeping the cell on trickle 
charge when not in active use. 

2.291. Question. Why should adequate ventilation be provided in the 
room housing a large group of storage cells? 

Answer. A room where a large bank of batteries is being charged should be 
adequately ventilated for the following reasons: To protect the personnel from 
the obnoxious fumes, to keep the batteries from overheating, and to prevent accu- 
mulation of explosive hydrogen gas around the cells. 

2.292. Question. When should distilled water be added to a lead-acid 
storage cell and for what purpose? 

Answer. It is best to add distilled water to a cell before charging it, but in 
any event, distilled water should be added if the plates become exposed to the air 
through improper attention to the battery. The purpose of adding the water is to 
keep the plates covered and to replace the water lost through evaporation. In the 
chemical reactions of a lead-acid cell the sulphuric acid in the solution does not 
evaporate, only the water. 

2.293. Question. How may the polarity of the charging source to be used 
with a storage battery be determined? 

Answer, Several methods are suggested here for determining the polarity of 
a d-c charging source. 

Voltmeter Method. It is usual practice for the manufacturer to mark a + sign 
on or close to one of the terminal posts of a d-c voltmeter; the positive side of 
the line when connected to this post will make the indicating pointer read up, or 
in the correct direction on the scale. 

Salt Water Method. Dip the positive and negative wires in a glass of water 
to which salt has been added and carefully hold them about an inch apart; the 
negative wire is the one on which the greater quantity of bubbles is formed. 

Potato Method. By inserting the bare ends of the positive and negative wires 
into a raw potato, in a place where the skin has been cut away, and holding them 
a safe distance apart, an inch or so, it will be noticed soon that the potato turns 
bluish green in color around one of the wires; this is the positive wire and the 
discoloration is caused by decomposition of the starchy substance. 

Litmus Paper. Placing the positive and negative wires about a quarter of an 
inch apart on a piece of wet litmus paper will cause a red mark to appear where 
the positive wire is held. 

Note. Extreme caution should be used when making tests suggested where open leads are 


used with power on. Do not come into contact with the bare ends of the wires nor allow 
them to touch each other. A safer method is to insert a load in series with one side of 
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the line, by using a lamp, for example, so that if the ends do accidentally touch, a short circuit 
will be prevented. 


2.294. Question. Describe the care which should be given to a group of 
storage cells to maintain them in good operating condition. 

Answer. The various items relating to the proper care and maintenance of 
storage batteries are as follows: 

(a) Maintain electrolyte at the proper level in each cell. Keep the level about 
one-half inch above the plates by adding distilled water, or approved, pure water, 
from time to time as required, but avoid overfilling to a point where the electro- 
lyte is likely to well out through the vent during the gassing period on charge. 

(b) Keep tops of cells clean and dry to prevent creepage. 

(c) Be sure all terminal connections and lugs are tight to ensure good electrical 
contact and to reduce the possibility of sparking. 

(d) Keep terminal lugs and posts free from corrosion. These can be covered 
with a thin layer of vaseline or a nonmineral grease. 

(e) Do not overcharge the battery frequently; about once a month is permis- 
sible. 

(f) Do not overdischarge the battery. 

(g) Do not charge too rapidly or at too high a rate. Charge at rates recom- 
mended by the manufacturer of the battery. 

(h) Keep the charging polarity correct with respect to the battery. This should 
be carefully watched to be certain the positive and negative sides of the charging 
line, respectively, connect to the positive and negative terminals of the battery. 

(i) Before placing batteries on charge observe that the voltage of the charging 
line is above the battery voltage. 

(j) Do not allow batteries to stand too long in a discharged condition. Re- 
charge as soon as practicable after discharge. 

(k) Take specific gravity readings as frequently as required to keep a close 
check on battery conditions of charge and discharge; a hydrometer is necessary 
only in the case of the lead-acid type. An Edison cell is checked with a voltmeter. 

(1) Avoid high temperatures in the cells. Keep cell temperatures preferably at 
an average of not over 80° to 90° F. and not over a temperature of 100° to 115° F 
as a maximum. 

(m) Provide adequate ventilation in the room where batteries are charged. 

(n) Never add acid to lead-acid cells except to replace electrolyte known to 
have been lost through spilling and only in such cases where the normal specific 
gravity after charging does not come up to normal. If acid must be replaced add 
it to the solution before a charging period. 

(o) Never bring an exposed flame or cause an electric spark near cells during 
the charging period. All storage cells when charging give off hydrogen, which 
is an explosive gas. 

(p) Do not allow salt or salt water or ae foreign matter to find its way into 
a cell. 

(q) When cells are not in active service keep them floating on a trickle charge. 

(r) Do not always use the same cell as the “pilot cell’? in a lead battery for 
taking gravity readings. A very small amount of electrolyte is lost to a cell each 
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time a hydrometer reading is taken, and if readings are taken daily this condition 
can be equalized by using a different cell every few weeks for the pilot cell. 

(s) Electrolyte in an Edison cell should be replaced when it becomes aged. 

(t) Where batteries are exposed to low temperatures keep them properly 
charged to prevent freezing; the operator should consult a chart giving low tem- 
peratures and corresponding specific gravities at which the electrolyte will freeze. 

2.295. Question. What may cause the plates of a lead-acid storage cell 
to buckle? 

Answer, Overdischarge or overheating may cause buckling of plates in a lead- 
acid cell. Inadequate ventilation or attempted charging with incorrect polarity, if 
continued too long, will raise the temperature. : 

2.296. Question. What may cause “sulphation” of a lead-acid storage 
cell? 

Answer. The term “sulphate” is used to apply to a dense kind of sulphate 
which builds up on the plates from allowing a battery to stand for a long period 
of time in a discharged condition, or by repeatedly carrying the discharge con- 
siderably beyond the limit recommended by the manufacturer, or by persistently 
failing to bring the battery to a fully charged condition after each discharge. 

2.297. Question. What chemical may be used to neutralize a storage cell 
acid electrolyte? 

Answer. Ammonia or sodium bicarbonate (baking soda) are two neutralizing 
agents. 

2.298. Question. What steps may be taken to prevent corrosion of lead- 
acid storage cell terminals? 

Answer. Clean the terminals thoroughly with an alkaline solution and after 
drying cover them with a thin layer of vaseline, or noncorrosive grease. 

2.299. Question. Why are bypass condensers often connected across the 
brushes of a high-voltage d-c generator? | 

Answer. The use of bypass condensers across brushes of high-voltage d-c gen- 
erators is a protective measure ; usually generators of this type supply plate poten- 
tial to high power stages and in the event of a high-frequency voltage surge, or r-f 
kick-back, the generator armature might be damaged if this bypass of low reactance 
were not in the circuit. In practice two condensers in series are generally con- 
nected across the brushes with the common leg between them going to ground. 
Condensers connected across the brushes also serve as a filter. 

2.300. Question. What materials and technique should be used to keep 
the commutator of a d-c motor or generator clean? 

Answer, A very fine grade of sandpaper, for example No. 0000, should be 
used to clean a commutator; take a strip of the sandpaper wrapped partly around 
a wooden block and gently hold the sanded side against the surface of the commu- 
tator while it is running; finish by carefully removing all grit and particles due to 
sanding from around the brushes and the commutator after stopping the machine; 
a final polishing may be given with the machine running by holding a pad made 
of heavy duck, or canvas, against the commutator. Extreme caution must be 
exercised by the operator when working around rotating machinery and especially 
high-voltage generators. 
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Note. Emery cloth or abrasive materials must never be used on commutators because it 
scores or cuts the copper, and the fine emery particles lodging between segments short- 
circuit them. 


2.301. Question. What may cause a motor-generator bearing to overheat? 
Answer. Some of the causes of overheating which are common to both a motor 
and a generator are as follows: Excessive load, lack of lubrication, bearings too 
tight, severe sparking at the commutator, insufficient armature end-play, improper 
armature alignment. ) 

2.302. Question. How may the radio-frequency interference, often caused 
by sparking at the brushes of a high-voltage generator be minimized? 

Answer. The sparking which causes radio-frequency interference may be mini- 
mized by installing a suitable ripple filter, or a radio-frequency filter, or both at 
the output of the generator. The filters consist of chokes and condensers for by- 
passing; in ripple filters the L and C values required are much higher than, in 
filters designed for r-f suppression. 

2.303. Question. What may be the effect of shifting the brushes of a 
d-c generator from the “neutral position”? 

Answer, Shifting of the brushes from their neutral position will cause serious 
sparking. In addition, the terminal voltage will be lowered, but this effect is of 
secondary importance in any case where sparking occurs; sparking, if continued 
very long, would cause serious damage to the commutator. 

2.304. Question. Describe the treatment which would be given an over- 
heated motor-generator bearing. 

Answer. If a hot bearing should develop make every effort to keep the arma- 
ture running but reduce the speed and remove the load if possible. The machine 
must never be stopped suddenly, which might cause the bearing and shaft to 
“freeze,” that is, these parts would lock together almost like one piece and the 
armature and bearing would have to be completely disassembled to effect repairs. 
The rule is to keep the armature rotating at the slowest speed possible without 
load and treat the bearing by supplying liberal quantities of lubricating oil and 
graphite to the bearing, or direct the cooling draft of an electric fan on the bearing, 
or apply cloths or towels soaked in ice water against the bearing journals, being 
careful that excitation is removed in the case of a high-voltage generator. If the 
room ventilation is poor then open any doors or windows. After the bearing cools 
off the oil wells should be flushed out and refilled with fresh lubricant of the 
proper grade. 

2.305. Question. What may cause a generator to fail to “build-up”? 

Answer. In a self-excited generator the loss of residual magnetism would be 
the most likely cause for failure to build up voltage. Other possible causes com- 
mon to both self-excited and separately excited generators are an open field, or 
brush not making contact with the commutator or rings, or broken pigtail connec- 
tion to a brush. 

2.306. Question. For what purposes may a “reverse current” relay be 
used ? 

Answer. A “reverse current” relay finds application in storage battery charging 
equipment to prevent batteries from discharging into the source if the charging 
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voltage became subnormal and dropped below the battery voltage; another use is 
in rectifiers, especially where mercury-vapor tubes are employed, to protect them 
from flash-back which reverses the current flow through the tubes ; still another 
use is in selective switching to perform the necessary functions. 

2.307. Question. Explain the difference in construction and operating 
characteristics of high- and low-voltage fuses. 

Answer. A high-voltage fuse requires a comparatively long cartridge in which 
the fuse wire is located to provide a wide breaking’ distance, or long path, between 
the metal end terminals; the fuse wire is attached to these metal ends which also ; 
serve for mounting the fuse in clips. The fuse wire is relatively small for high- 
voltage applications where the currents generally are of a lower order than in 
low-voltage circuits. Low-voltage fuses require only a comparatively small cart- 
ridge or plug with a short breaking distance, or short path for the current in the 
fuse wire. Fuses in the high-voltage classification are generally for voltages 
above 750. 

2.308. Question. Explain the uses and limitations of fuses and circuit 
breakers as used in radio equipment. 

Answer. Fuses and circuit breakers are both protective devices, but a fuse when 
blown destroys itself and must be replaced, whereas a circuit breaker can be 
quickly reset for further use. Usually a circuit breaker is made so that it can be 
adjusted to trip at some specified value of overload current. Some types are made 
to remain closed on normal load and open on no-load, or on underload conditions. 
Another application is where a circuit breaker functions to trip open a power line 
owing to loss of line voltage and when the voltage comes on again it could not 
unexpectedly start up equipment that was previously operating but stopped for 
lack of line voltage. A fuse has only one use and a fixed rating. The initial cost 
of a circuit breaker is very high compared with that of a fuse with its mounting, 
a fact which sometimes limits the use of circuit breakers. 

2.309. Question. What is meant by a “polarized relay”? 

Answer. A “polarized relay” is a relay that requires connection to a direct- 
current circuit according to its polarity signs because it functions on a predeter- 
mined direction of current flow. 

2.310. Question. Why are high reactance head telephones generally more 
satisfactory for use with radio receivers than low reactance types? 

Answer. A head telephone set is generally connected directly in the plate circuit 
of a vacuum tube, hence the high reactance type would prove more satisfactory 
because its impedance comes much nearer to matching the plate resistance of a 
vacuum tube than the low reactance type. It is known that for best performance 
the impedance of the load in the plate circuit should be about twice the plate 
resistance of the tube. However, low reactance head telephones could be used 
with a radio receiver providing they were coupled into the plate circuit through a 
matching transformer. | 

2.311. Question. What may cause packing of the carbon granules in a 
carbon button microphone? 

Answer, Packing may be caused by excessive button current or by careless 
handling which would result in sudden jolts or jarring while the current is flowing. 
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The granules may pack almost instantly in extreme cases, or they may pack in 
time under some conditions of regular service. In general, excessive mechanical 
pressure between points of contact in the carbon cup causes the granules to pack. 

2.312. Question. Why should polarity be observed in connecting head 
telephones directly in the plate circuit of a vacuum tube? 

Answer. Higher sensitivity results when the proper polarity is observed. The 
greatest deflection of the diaphragms for a given signal current is possible only 
when the direct current flowing through the small coils is in the direction to pro- 
duce flux which aids the flux of the permanent magnets. Incidentally, when the 
flux set up by the small coils, or bobbins, is of proper polarity it assists in keeping 
the permanent magnets magnetized. 


Note. If head telephone cords are not color coded the proper polarity can be readily 
determined by alternately reversing the phone cord tips across a low voltage d-c source; 
the proper connection will give the louder click. 


2.313. Question. What precautions should be observed in the use of a 
double-button carbon microphone? 

Answer. Several precautions should be observed in the use of a double-button 
carbon microphone, namely, the current in each button should be the same, the 


microphone should be mounted in a vertical position, and when current is flowing | 


it should not be handled roughly or subjected to vibration or sound intensities that 
might cause blasting. 

2.314. Question. If low impedance head telephones of the order of 75 
ohms are to be connected to the output of a vacuum-tube amplifier, how 
may this be done to permit most satisfactory operation? 

Answer. A low impedance head telephone set can be used satictact ane by 
coupling it to the tube’s output through an impedance matching transformer. 


Discussion. The turns ratio of the matching transformer is found by taking the square 
root of the impedance ratio, and to find the impedance ratio the plate resistance of the tube 


(not given in the statement of the question) is divided by the load impedance, or 75 in this 


case. 


2.315. Question. What is the effect on the resonant frequency of adding 
an inductor in series with an antenna? 
Answer. The resonant frequency of the antenna is decreased. This is because 


the inductor connected in series increases the inductance of the antenna circuit. 


In terms of wavelength, the antenna resonates at a longer wavelength when its 
inductance is increased. 

2.316. Question. What is the effect on the resonant frequency of adding 
a capacitor in series with an antenna? 

Answer. The resonant frequency is increased by the addition of a capacitor in 
series with an antenna. A series capacitor lowers the electrical length of an 
antenna and therefore it makes the wavelength shorter and the frequency higher. 

2.317. Question. Which type of antenna (Hertz, Marconi, Inverted L, 
etc.) has the greatest physical length for a given resonant frequency? 

Answer. The Hertz antenna has the greatest physical length for a given reso- 
nant frequency. 


ae? ae 
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2.318. Question. What is the velocity of propagation of radio-frequency 
waves in space? ; 3 

Answer. The velocity of a radio wave in space is 300,000,000 meters per sec- 
ond, as generally accepted. 

2.319. Question. What is the relationship between the electrical and 
physical length of a Hertzian antenna? 

Answer. The physical length is approximately 95 per cent of the electrical 
length owing to capacitance to ground and end effect. In terms of wavelength 
the radiated wave equals approximately twice the physical length measured in 
meters. 

2.320. Question. If you desire to operate on a frequency lower than the 
resonant frequency of an available Marconi antenna, how may this be 
accomplished? 

Answer. A lower resonant frequency is obtained by adding an inductor in 
series with the antenna. In terms of wavelength, a longer wavelength is obtained 
when a series connected inductor is added because this increases the inductance 
of the antenna. 

2.321. Question. What will be the effect upon the resonant frequency if 
the physical length of a Hertzian antenna is reduced? 

Answer. Shortening a Hertz antenna makes it resonant at a higher frequency, 
that is, at a shorter wavelength. 

2.322. Question. If the thermocouple of your radiation ammeter burned 
out and no spare was available, what would you substitute for it, or what 
methods could be used to determine that the antenna circuit of your trans- 
mitter was adjusted to resonance? 

Answer. One method for determining resonance of an antenna without an 
antenna ammeter is to use a pick-up loop consisting of a wire several inches in 
diameter to which is attached a visual indicator, such as a flashlight bulb; the loop 
should be loosely coupled to the antenna inductor and at resonance the indicator 
will show maximum brilliancy. Another method is to use a 110-volt lamp of 
suitable wattage as determined by the approximate amount of power to be dissi- 
pated in the lamp; if necessary two or more lamps in parallel could be used, with 
the lamp bank resistance connected temporarily in series with the antenna; the 
lamps burn brightest at resonance. Again, a plate milliammeter in the final stage 
could be used to check for resonance; at resonance the antenna takes the greatest 
amount of power from the final stage and this causes its plate current to read 
maximum ; at points off resonance the plate current reads lower. Other methods 
possible are by the use of a wavemeter or frequency meter equipped with an indi- 
cator, such as a neon bulb, flashlight bulb, or r-f meter, and by the use of a 
crystal rectifier and a d-c milliammeter in conjunction with a tuned r-f circuit. 

2.323. Question. Which type of antenna has a minimum of directional 
characteristics in a horizontal plane? 

Answer. The vertical type antenna. 

2.324. Question. What factors determine the resonant frequency of any © 
particular antenna? | 

Answer. The factors which determine the resonant frequency of a particular 
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antenna are its physical length, whether it is grounded or ungrounded, and the 
effect on it caused by surrounding objects. . 
2.325. Question. If the resistance and the current at the base of a Mar- 
coni antenna are known, what formula could be used to determine the 
power in the antenna? 
Answer. P= IR, 


Note. The radiation resistance, R, must be measured at the same point in the antenna as 
the current, J. 


2.326. Question. Does the resistance of a copper conductor vary with 
variations in temperature and if so, in what manner? 

Answer. The resistance of copper does vary with changes in temperature; its 
resistance increases with temperature. 

2.327. Question. What material is best suited for use as an antenna 
strain insulator which is exposed to the elements? 

Answer. An insulator material best suited to withstand the weather is glazed 
porcelain. 

2.328. Question. What material is frequently used for relay contacts? 
Why? 

Answer. A material in wide use for relay contacts is silver because it has high 
conductivity and good contact properties; for example, it does not pit easily, 
atmospheric gases have negligible effect on it, and its cost is relatively low. 

2.329. Question. Describe the operation of a crystal detector (rectifier). 

Answer. A crystal has natural properties which allows it to pass a considerably 
larger current in one direction than in the other; it is a partial rectifier. There- 
fore, if an a-c voltage is applied to the crystal it causes current pulses of large 
amplitude to flow on alternate half cycles whereas the alternations in the opposite 
direction will be almost blocked. When used as a detector of radio signals the 
crystal is connected in series with high impedance headphones across which is 
shunted a condenser, and this arrangement in turn is connected across a tuned r-f 
circuit. The principle of operation is as follows: An incoming signal which is 
modulated, or contains an audio-frequency component, will send large current 
impulses of varying amplitude through the crystal on alternate half cycles that 
charge the condenser, and therefore the voltage across the condenser will vary 
according to the average of all the amplitudes. This average voltage change repre- 
sents the audio-frequency component. Thus, the voltage appearing across the con- 
denser follows the modulation envelope, or audio waveform. The condenser being 
in shunt with a high impedance, the headphones will discharge, sending an audio- 
frequency current through the phones to actuate the diaphragms and make the 
signal audible. A crystal detector will respond only to radio signals having a 
modulation envelope, that is, voice modulated, or to type A-2 emission whose 
signals have a tone frequency. Signals of the continuous-wave type cannot be 
received because they would give a steady average voltage across the condenser 
resulting in a steady, or unvarying, current in the headphones. 

2.330. Question. Define a “damped wave.” 

Answer. A “damped wave” is a train of oscillations in which the amplitude of 
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each succeeding alternation decreases in some regular order until the wave dies 
out, or “damps” out. In a circuit of relatively high resistance the amplitudes 
decrease at a fast rate resulting in only a comparatively few oscillations before 
they cease. On the other hand, the oscillations continue longer before they stop 
if the circuit resistance is low. 

2.331. Question. Why is rosin used as soldering flux in radio construc- 
tion work? 

Answer. Rosin makes the best soldering flux because it is noncorrosive; and 
having excellent insulating qualities, the flux will not cause short-circuit troubles 
in places where it may happen to flow and remain after soldering. 

2.332. Question. What is meant by a “harmonic”? 

Answer. A “harmonic” is a component which is an integral multiple of the 
fundamental frequency. 

2.333. Question. What is the function of a “no-voltage release” often 
incorporated in a d-c motor starter? 

Answer. A “no-voltage release” places the starter in the “off” position should 
the line voltage fail, or in some types if the motor field opens, which makes it 
impossible for the motor to start up unexpectedly when voltage comes on again 
without making use of the starter and its resistance in the usual way. This feature 
protects both the line and motor against damage which might prove serious in 
some installations if full line voltage were suddenly applied to a motor without 
the starting resistance being in the circuit. 

2.334. Question. Explain what technique you would employ in giving 
assistance to a person who was in contact with high voltage. 

Answer, After removing the victim from contact with the high voltage by any 
means which protects the person giving assistance from possible shock, then some 
kind of artificial respiration should be started without delay. The prone pressure 
method is explained, with precautions to be observed as follows: 


PRONE; PRESSURE METHOD 


First Things To Do and Precautions. Open the supply switch, but, if this 
cannot be done without delay, proceed at once to free the victim from con- 
tact with the high voltage. 

Do not touch the victim with your hands or any part of your body. 

Keep a safe distance while forcibly pulling the victim from the charged con- 
ductor, using for the purpose any article that is dry and a nonconductor, 
such as a length of rope, a stick or pole, or clothes. 

Next loosen clothing at the neck and chest and lay the victim in a prone posi- 
tion, extending one arm out straight; bend the other arm at the elbow and 
rest the head on it with the head turned to one side to permit free use of 
the nose and mouth. 

Begin applying artificial respiration immediately, and continue for 4 hours, 
if necessary, or until the shock has been pronounced fatal by a doctor. 

Summon a doctor, or pulmotor service, through any person who may be 
present, but do not stop resuscitation operations for this purpose. If others 
are present they can give proper treatment for any serious burns. 
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Purpose of the Prone Pressure Method. The purpose in general is to apply 
your weight to the victim’s chest in a manner that will force air out of the 
lungs and by removing the pressure the lungs will expand and draw in dite, 
a cycle or beat of artificial respiration should be timed to give about 15 beats 
per minute, that is, to approximate closely a rhythm corresponding to 
natural respiration. 

Technique Used in Prone Pressure Method. Straddle victim’s back; kneel 
down with your knees opposite the victim’s thighs. 

Applying your weight: Bend over with arms held straight, do not bend elbows, 
and place the palms of hands against victim at the small of the back; with 
a straight arm motion apply your weight gradually while slowly counting 
to yourself to keep a certain rhythm for this downward motion. Do not 
use the arm muscles. 

Removing your weight: Straighten up and remove the pressure; count and 
keep the same rhythm on this upward motion. 

Continue this operation, which consists essentially of bending over to apply 
pressure and leaning back to remove it; you will appear to be swinging 
back and forth in slow rhythm to simulate periods of natural respiration. 

Proper position of hands to apply pressure: Spread thumb from the palm with 
fingers held straight out and with your small finger placed just at the lower 
rib; rest the palm against the small of the back, and the hand when held 
in a natural position will cause the fingers to bend around the side with 
the finger tips pointing down. | 

How to relax: On the upward movement when pressure is removed, that is, 
while straightening up to remove your weight, bring the hands over and 
rest them momentarily on your knees and at the same time relax the arm 
and body muscles and then resume the downward movement. Remember 
that the more completely you relax for this brief interval the longer you 
can continue operations without fatigue. However, if relief is necessary, 
or if several persons work in a relay each one can shift over quickly with- 
out breaking the rhythm. 

How to prevent off-balance strain: Kneeling down and swinging your body 
back and forth as is necessary may tend to throw you off balance, particu- 
larly at the moment when the downward stroke is completed; to avoid this 
strain adjust yourself over the victim’s body so that your shoulders are 
directly above your wrists at the end of the downward, or pressure, stroke. 

Important Remarks. Do not leave off the operation of artificial respiration after 
once started unless, of course, unusual circumstances require it, or as pre- 
viously suggested. 

If the victim must be moved to another place do it in some way ets: will 
permit continuation of the operation. 

Anything in the victim’s mouth, such as false teeth, chewing gum, and the 
like, should be removed as soon as possible but without interrupting the 
operation. 

If the victim shows signs of breathing do not stop resuscitation at once but 
keep on until breathing is strong or the individual is revived, 
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Stimulants, such as a spoonful of aromatic spirits of ammonia, or coffee, or 
tea, should be given but only when the victim is conscious. 

After breathing is restored keep the unfortunate individual warm and lying 
quiet until fully revived. 


2.335. Question. What is the function and purpose(s) of interlock relay 
switches which are often provided on the access doors of modern radio 
transmitters? 

Answer. Interlock relay switches on access doors are provided as a protection 
to the personnel because they remove high voltage from the circuits immediately 
upon opening a door. 

2.336. Question. How may a transmitter or receiver be protected against 
damage due to high values of induced atmospheric electricity collected by 
an antenna system? 

Answer. A safety gap consisting of two electrodes connected respectively across 
antenna and ground posts of the equipment will afford protection. In high power 
transmitter antenna systems this takes the form of a horn-type gap in which the 
electrodes are especially shaped to allow a surge to travel to the open ends and 
break. All commercial receivers for marine services are equipped with a safety 
gap in which the electrodes are separated about the thickness of a calling card. 
The term “lightning arrester” is usually applied to such devices which have the 
property of reducing the voltage of a surge acting across its terminals and restoring 
itself to normal after the follow current, if present, is interrupted. A transmitter 
or receiver antenna may also be provided with a high resistance between antenna 
and ground posts to allow static charges to drain off. 

2.337. Question. Why should all exposed metal parts of a transmitter 
be grounded? 

Answer, (Grounding of exposed metal parts protects the personnel against pos- 
sible shock which might happen if these parts were above ground potential; un- 
grounded metal parts which are likely to be touched present a hazard, dangerous 
to life, in high-power installations. Grounding eliminates electric fields and pos- 
sible coupling effects between equipment. 


ELEMENT 3 
RADIOTELEPHONE 


3.1. Question. In the diagram given in Figure 43: 

(a) Knowing the impressed voltage E and the values of the resistors 
R;, Ro, and R3, explain how you would calculate the current in each of the 
resistors. 

(b) Knowing the value of the current in R; and the values of the resistors 
R,, Ro, and R3, how would you calculate the currents in Ro and R3? How 
would you calculate the voltage drop across each of the resistors? 


Ry 
R, 


E 


Fic. 43. Problem in resistance measurement. 


Answer. (a) First determine the total resistance of the circuit. This is done 
by finding the resistance of the parallel branch Ry and Re, to which is added Rs, 
in series. Then apply Ohm’s law, J = E ~ R, to determine the total current. 
The total current flows through Rs and divides proportionally in Ry and Ro, ac- 
cording to their respective values. Next find the voltage drop across R3, so that 
this value may be subtracted from the known impressed voltage E to give the 
voltage drop across Fey and Rg» in parallel. Since the voltage drop across either 
Ry or Re is the same, and being given the value of each resistor, the current through 
them can be found by using ] = & + R. Or, the step just given could be worked 
out instead by finding the current in Ry by Ohm’s law, and then subtract this value 
from the total current to find the current in Ry. Another method which makes. it 
unnecessary to find the voltage drop across Fy and Re, the parallel branch, is to 
use ratio to calculate the current in each resistor, since their values are given and 
the total current taken by them has been calculated. 


Calculation: The foregoing explanation for calculating the current in each resistor is 
worked out in steps with the necessary formulas. 


1 
Step 1. To find total resistance, Rtotal: Riotalo= ae + R3 
Ri R, 
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E 
Step 2. To find current through R3, which is the total current: = R 
total 
Step 3. To find voltage drop across R3: F3 = Is’ Rs 
Step 4. To find voltage drop across R; or Re, the same value for 
either: FE, = Eappliea — E3 
Ey 
Step 5. To find current through R,: ez rs 
1 
Step 6. To find current through Ro: Ip = Tigeat — Ty 


Note. The current in R, can be determined without using the voltage drop method (step 4) 
followed by Ohm’s law (step 5) to find current. To figure the current in R, by the use of ratio 
omit step 4 above and work out step 5 as follows: 


R 
Step 5. To find current, 41, through Ri: 1 = Itotai ( Ri ns x) 


Step 6. Repeat, same as Step 6 above to find current, Js, through resistor Ra. 


(b) Part 1. How to calculate the currents in Rz and R3. 
Since the current through R, and the values of resistors Ry and R2 are known, 
the current, /:, in resistor FR» is found by using ratio, thus 
To PI Ry 
eee Ore fo = a 
reais egy ORs 
Since Fs is in series with the circuit the current through Rs is the sum of the 
currents in Jt; and Re, because the latter are in parallel; therefore 


Is = 11+ Le 


Part 2. How to calculate the voltage drops across each resistor. 

Since the value of each resistor and the current through them is known, the 
voltage drop across each resistor is found by applying Ohm’s law, similarly for 
each case, where EF = ]* R. Hence 


Fy = I, X Ri, or voltage drop across resistor Ry 
Fe = Ig X Re, or voltage drop across resistor Fe 
F3 = I3 X Rs, or voltage drop across resistor Rs 


3.2. Question. In the diagram given in Figure 44 compute the following 
voltages: d-c plate voltage, d-c grid bias voltage, and d-c supply voltage. 

Answer. The d-c plate voltage is 75 volts, the d-c grid bias is 7.5 volts, and the 
supply voltage is 82.5 volts. 


Computation: 


(1) To find plate voltage. The voltage drop across the 15,000-ohm resistor is the plate 
voltage, since this resistor is connected between cathode and plate. Find the current through 
the 15,000-ohm resistor from the given values in the diagram. From the circuit we see that 
the current through the 15,000 ohms is the difference between the total current, 0.030 ampere, 
and the current drawn by the plate, 0.025; therefore, 0.030 — 0.025 = 0.005 ampere, the current 
through the 15,000 ohms. The voltage drop across this resistor, applying E =I XR, is 
0.005 15,000, which equals 75 volts, or the plate voltage. 
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Fic. 44. Problem to determine voltage. 


(2) To find grid bias voltage. The total current, 0.030 ampere, flows through the bias 
resistor, 250 ohms, because it is in series with the circuit up to the cathode, but from this. 
point the total current divides, part going through the plate circuit in the tube and the rest 
through the 15,000 ohms. Therefore, again applying Ohm’s law, E=1XK, we find the 
voltage drop across the 250 ohms to be 0.030 x 250, or 7.5 volts, the bias voltage. 

(3) To find the supply voltage. The total voltage impressed on the circuit is the sum 
of the voltage drop across the bias resistor and the voltage drop across the parallel branch 
consisting of the plate in one leg and the 15,000 ohms in the other. Therefore, 75 = io Se 
volts, the supply voltage. 

3.3. Question. Define a negatively charged body. A positively charged 
body. 

Answer. A negatively charged body is one having an excess of free electrons, 
or in other words, a deficiency of positive protons. Hence, electrons leak off or 
leave a negatively charged body when the body is neutralized. On the other hand, 
a positively charged body has a deficiency of free electrons so that electrons are 
taken on or flow into the body to neutralize it. 

3.4. Question. What are the desirable electrical characteristics of a 
radio-frequency choke coil? 

Answer. A radio-frequency choke coil should have low distributed capacity, 
low resistance, and an inductance value that will make its resonant frequency con- 
siderably higher than the frequency to be suppressed. If a choke has a resonant 
frequency lower than the frequency to be filtered its distributed capacitance be- 
comes more effective in bypassing and the coil becomes less efficient as a choke. 
It is also important for a choke to have the proper current-carrying capacity for 
the circuit in which it is intended to be used. 

3.5. Question. Explain the purposes and methods of neutralization in 
radio-frequency amplifiers. 

Answer. The purpose of neutralization of an r-f amplifier is to prevent the 
amplifier from going into self-oscillation, that is, to prevent its generating a fre- 
quency in its output different from the frequency at which it is being driven. 

The methods of neutralization fall into the following classes, namely, (1) 
where the neutralizing voltage is taken from some part of the tube’s output and 
fed back to the grid at a potential equal and opposite in phase to a potential on 
the grid that would cause oscillation, and (2) where feedback energy is taken 
from some portion of the grid circuit, or input, and returned to the plate. 


) 
ial taal 
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3.6. Question, Ina circuit consisting of an inductance having a reactance 
value of 100 ohms and a resistance of 100 ohms, what will be the phase 
angle of the current with reference to the voltage? 

Answer, The phase angle will be 45°. 


-- —— oe eee eee eee Cee cee ae eee ee 


Discussion. See Figure 45. Current in a series 
circuit containing resistance, R, and inductive re- 
actance, X, lags the voltage by an angle given by: 


‘a wes 
= tan + — 
R 
ee -tan é tant: ZS 
= n — = as 
an FR aS 
Therefore, in the given problem we have 4 Saat 
_, 100 : 
6 = tan era 400 ATS, Fic. 45. Problem in a-c circuit theory. 


3.7. Question. Ina circuit consisting of a capacitance having a reactance 
value of 100 ohms, what will be the phase angle of the current with respect 
to the voltage? 

Answer. The current will lead the voltage by 90°. 


Discussion. For circuits containing capacitive reactance, as in this case, the angle is 90° 
lead regardless of the value of the reactance and in the absence of resistance. Circuits con- 
taining only pure reactance show a 90° lag or lead of current with respect to voltage. 


3.8. Question. What is the effective value of a sine wave in relation to 
its peak value? 

Answer. Effective value = 0.707 « peak value. 

3.9. Question. What is the meaning of “phase difference’? 

Answer, In an electrical circuit “phase difference” means that the voltage and 
current do not reach maximum and minimum values at the same instant, or com- 
paring the events over a full cycle of current and voltage, a difference in phase 
means that certain points on a current wave compared relatively to similar points 
on a voltage wave are occurring either ahead or behind each other and not at the 
same instant; this difference is measured in electrical degrees. See answer to 
Question 5.21. 

3.10. Question. What factors must be known in order to determine the 
power factor of an alternating-current circuit? 

Answer. The factors necessary to know are the resistance and the reactance. 


Discussion. The power factor could be determined by knowing the resistance and the 
impedance, since p.f. = R/Z. 

A practical way to find the power factor is to take readings on a voltmeter, ammeter, and 
wattmeter connected in the circuit and apply the formula p.f. = W/EI. 


3.11. Question. What is the product of the readings of a voltmeter and 
ammeter in an alternating-current circuit? 

Answer. The product of a voltmeter and ammeter reading in an alternating- 
current circuit gives the apparent power, known as “volt-amperes.” 
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3.12. Question. In what units is the power output of an alternator (a-c 
generator) usually expressed? 

Answer. The power output of large alternators is rated in volt-amperes, or 
kilovolt-amperes. These become watt and kilowatt ratings respectively when the 
power factor is unity. The watt is used for small a-c machines. 

3.13. Question. What are the properties of a series condenser acting 
alone in an a-c circuit? 

Answer. A current will flow which leads the voltage by 90°, and the power 
taken from the line will be negligible if the condenser has a high Q value. 

3.14. Question. If the value of inductance in a purely inductive circuit 
is doubled, what is the effect on the phase angle? 

Answer. Doubling the inductance in a purely inductive circuit has no effect 
on the phase angle. Regardless of the value of the inductance, the current lags 
the voltage by 90°, and therefore is wattless. | 

3.15. Question. What is the reactance value of a condenser of 0.005 
microfarad at a frequency of 1,000 kilocycles? 

Answer. 31.8 ohms. 


Calculation: Apply the capacitive reactance formula and insert the given values as follows: 


where f in cycles = 1,000,000 or 10° cycles, 
C in farads = 0.005 X 107*. 


DGD Sarees: 
i 2nfC’ 
Therefore 

1 1 


xX¢ = Mipaie Cary Tice aT cee woe Eile rt 
2) Xr X10" 0,003" X 10 2 X 3.1416 X 0.005 


= 31.8 ohms 
3.16. Question. State the mathematical formula for the energy stored in 
the magnetic field surrounding an inductance carrying an electric current. 
Answer. The energy stored in the magnetic field about an inductance carrying 
a current is given by: 


1 
= ae 2 where L = inductance in henrys, 
I = current in amperes, 
FE = energy in joules. 


3.17. Question. What is the current and voltage relationship when in- 
ductive reactance predominates in an a-c circuit? 

Answer. When inductive reactance predominates in an a-c circuit the current 
lags the voltage by an angle which approaches 90° as the resistance becomes less 
and less. 

3.18. Question. Given a series circuit consisting of a resistance of 4 
ohms, an inductive reactance of 4 ohms, and a capacitive reactance of 1 
ohm; the applied circuit alternating e.m.f. is 50 volts. What is the voltage 
drop across the inductance? 

Answer. AQ volts. 
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Computation: See Figure 46. The voltage across any element of a series combination of 
impedances is equal to the JZ drop for that impedance, where J is the line current and Z is 
the impedance in ohms. 


R 


Fic. 46. Problem in a-c circuit theory. 


In the given problem: 


Ey = IZ, 


0 
= = = — —— = — = 10 amperes 


Therefore 
pe 10 <4 = 40 volts 

3.19. Question. What would be the effect if d.c. were applied to the 
primary of an a-c transformer? 

Answer. There would be no a-c voltage output from the secondary and the 
primary winding would overheat with possible burnout if protection against ex- 
cessive current were not provided. 

3.20. Question. If a power transformer having a voltage step-up ratio 
of 1 to 5 is placed under load, what will be the approximate ratio of the 
primary to secondary current? 

Answer. The ratio of primary to secondary current will be approximately 5, LO 
1, or step-down. Since the power is approximately the same in the primary and 
secondary the current in the secondary decreases in the same ratio as the voltage 
increases in the secondary. 

3.21. Question. What factor(s) determine the voltage ratio of a power 
transformer ? 

Answer. The turns ratio determines the voltage ratio of a transformer. How- 
ever, other factors that cause a loss in voltage are copper loss, magnetic leakage, 
and the regulation of the transformer when under load. 

3.22. Question. Define “eddy currents.” 

Answer. “Eddy currents” are currents induced in a core material which set 
up heat and introduce losses. Eddy currents are also known as Foucault currents. 

3.23. Question. What is the meaning of “skin effect” in conductors of 
radio-frequency energy? 

Answer. The term “skin effect” refers to the tendency of high-frequency cur- 
rents to flow along and close to the surface, or skin, of a conductor. As the 
frequency is increased the skin effect becomes more pronounced. Conductors in 
the form of tubing, stranded wire, or copper strip are generally used to handle 


ote 
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high-frequency energy; in these forms a given amount of copper can be made to 
provide more surface area. However, for small currents a solid wire is ordinarily 
satisfactory. 
3.24. Question. Neglecting distributed capacitance, what is the reactance 
of a 5 millihenry choke at a frequency of 1,000 kilocycles? 
Answer. 31,416 ohms. | 


Computation: Apply the formula for inductive reactance with the given values inserted 
as follows: 


I 


Xz = 2xfL, where 1,000 kc = 10° cycles, or f, 
5 millihenrys = 5 X 10~° henry, or L. 


2 3.1416 * 10°:x 5 x 10-3 


I] 


6.2832 X 10? X 5 = 30.416 X 10° = 30,416 ohms 


3.25. Question. What is meant by the term “radiation resistance”? 

Answer. “Radiation resistance” refers to that part of an antenna’s total resist- 
ance which causes a certain amount of loss to the circuit owing to the work done 
in radiating power. 

3.26. Question. What is the value of total reactance in a series resonant 
circuit at the resonant frequency? 

Answer. At series resonance the total reactance of the circuit is equal to zero. 

3.27. Question. Should the number of turns of an inductance be in- 
creased or decreased in order to raise the resonant frequency? 

Answer. The number of turns should be decreased. 

3.28. Question. What is the value of reactance across the terminals of 
the capacitor of a parallel resonant circuit,.at the resonant frequency, and 
assuming zero resistance in both legs of the circuit? 

Answer. Parallel resonance occurs when the net susceptance is zero. Under 
these conditions the equivalent reactance is zero. Hence, the reactance measured 
at the terminals of the capacitor of a parallel resonant circuit is zero. 

3.29. Question. Given a series resonant circuit consisting of a resistance 
of 6.5 ohms, and equal inductive and capacitive reactances of 175 ohms, 
what is the voltage drop across the resistance, assuming the applied circuit 
potential is 260 volts? 

Answer. The voltage drop across the resistor is 260 volts, or the line voltage. 
This is true because equal inductive and capacitive reactances cancel, the net re- 
actance drop is zero, and the full applied voltage is impressed on the resistor. 

3.30. Question. Given a series resonant circuit consisting of a resistance 
of 6.5 ohms, and an equal inductive and capacitive reactances of 175 ohms, 
what is the voltage drop across the inductance when the applied circuit 
potential is 260 volts? 

Answer. 7,000 volts. 


Computation: The voltage drop across the inductance is equal to the current in amperes through 
it multiplied by its reactance in ohms, or FE, = I X Xr. In this problem Xz is a given value and 
I must be computed. Since this is a series circuit the current through the inductance is the same 
as in the line; therefore proceed to find the line current as follows: The applied voltage E is 260 
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volts; the reactances being equal will cancel and hence the circuit’s resistance is the value of the 
resistor in the circuit, or 6.5 ohms. Inserting these values, we have 


I == = — = 40 amperes 


Now find the voltage drop across the inductance, using the line current, 40 amperes, and the 
given value of inductive reactance, 175 ohms, thus 


E, =I xX Xz, = 40 X 175 = 7,000 volts 


3.31. Question. Under what conditions will the voltage drop across a 
parallel tuned circuit be a maximum? 

Answer, Assuming a constant current, the voltage across a parallel tuned cir- 
cuit will be a maximum at resonance. 

3.32. Question. How may the resonant frequency of an antenna circuit 
be increased? | 

Answer. The resonant frequency may be increased by inserting a condenser in 
series with the antenna, or by shortening its length, or by reducing the number of 
turns on the antenna inductor. 

3.33. Question. Draw a simple schematic diagram showing a method of 
coupling a modulator tube to a radio-frequency power amplifier tube to 
produce plate modulation of the amplified radio-frequency energy. : 

Answer. See Figure 47. 
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Fic. 47. Illustrating plate modulation. 
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3.34. Question. Draw a diagram of a carrier wave envelope when modu- 
lated 50 per cent by a sinusoidal wave. Indicate on the diagram the dimen- 
sions from which the percentage of modulation is determined. 

Answer. See Figure 48. 

3.35. Question. Draw a diagram of a microphone circuit complete with 
two stages of audio amplification. 

Answer. See Figure 49. 
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Fic. 48. Carrier wave modulated 50 per cent. 
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Fic. 49. Microphone with two audio-frequency stages. 


3.36. Question. Draw a simple schematic diagram showing a Heising 
modulation system capable of producing 100 per cent modulation. Indicate 
power supply polarity where necessary. 


Answer. See Figure 50. 
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Fic. 50. Heising circuit which provides 100 per cent modulation. 
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3.37. Question. Draw a simple schematic diagram showing a method of 
suppressor grid modulation of a ‘pentode type vacuum tube. 
Answer. See Figure 51. 
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Fic. 51. Suppressor grid modulation. 


3.38. Question. Draw a simple schematic diagram showing a method of 
coupling a modulator tube to a radio-frequency power amplifier tube to 
produce grid modulation of the amplified radio-frequency energy. 

Answer. See Figure 52. 
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Fic. 52. Grid modulation. 
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3.39. Question. What is meant by “frequency shift” or “dynamic sta- 
bility” with reference to a modulated radio-frequency emission? 

Answer. Frequency shift, called dynamic instability, means that the carrier fre- 
quency has changed during modulation. A power supply with poor regulation 
might cause this condition. 

3.40. Question. In radiotelephony, what is meant by “the process by 
which the amplitude of the carrier wave is varied in accordance with the 
speech or other signal to be transmitted”? 

Answer. ‘The expression refers to “amplitude modulation.” 

3.41. Question. What is meant by “high level” modulation? 

Answer. High level modulation is modulation produced at a point in a system 
where the power level approximates that at the output of the system. (F.C.C. 
Rules and Regulations 2.33.) 

3.42. Question. What is meant by “grid modulation”? 

Answer. Grid modulation is modulation produced by introduction of the 
modulating wave into any of the grid circuits of any tube in which the carrier 
frequency is present. (F.C.C. Rules and Regulations 2.34.) 

3.43. Question. Define “plate modulation.” 

Answer. Plate modulation is modulation produced by introduction of the modu- 
lating wave into the plate circuit of any tube in which the carrier frequency is 
present. (F.C.C. Rules and Regulations 2.33.) 

3.44. Question. Describe the construction and characteristics of a “dy- 
namic” type microphone. 

Answer. A dynamic microphone is the moving coil type. The diaphragm on 
which the sound waves impinge is suitably connected to the armature coil which 
is mounted between the poles of a strong permanent magnet. The e.m.f. induced 
in the coil as it moves in the magnetic field is the source of the audio voltage that 
passes on to the amplifiers. A dynamic microphone has excellent frequency re- 
sponse extending over a wide range from 60 to 10,000 cycles; it is a low imped- 
ance type of microphone which permits it to be located some distance from its- 
amplifier ; it can stand considerable rough treatment as compared with other types 
and hence is suitable in applications where the microphone is moved while in 
operation. 

3.45. Question. Describe the construction and characteristics of a “rib- 
bon” type microphone. | 

Answer. In the ribbon microphone a thin corrugated strip, or ribbon, of dura- 
luminum, or equivalent, is hung in a strong magnetic field. This short length of 
ribbon is placed between the poles of a permanent magnet with its length perpen- 
dicular to, and its width in the plane of, the magnetic lines of force, so that the 
edges of the ribbon cut the lines as it is driven back and forth by the sound waves. 
The motion of the ribbon varies as the velocity in accordance to the frequency and 
amplitude of the sound waves. There is no diaphragm used in the general mean- 
ing of the term. A ribbon type microphone has excellent frequency response 
covering a wide range from approximately 60 to 10,000 cycles; it is fairly rugged; 
it has low impedance ; moving it while in operation causes considerable noise, owing 


ELEMENT 3 RADIOTELEPHONE 97 


to ribbon vibration; sounds from the front, or operating side, and along an axis 
perpendicular to the plane of the ribbon have the maximum effect. 

3.46. Question. Describe the construction and characteristics of a con- 
denser type microphone. ; 

Answer. The condenser microphone consists of a tightly stretched thin metal 
diaphragm mounted close to a heavy metal plate which serves as a second plate 
of the condenser. The air space separating the diaphragm from the metal plate 
is the dielectric, which acts also to dampen the vibrations of the diaphragm so that 
it will not set up independent movements of its own and thus accentuate certain 
frequencies more than others. The small plate area and general construction 
provide a condenser with a rather low capacitance, in the order of 400 micro- 
microfarads. A polarizing voltage of a few hundred volts d.c. is used to set up 
the electrostatic capacity between the plates. Sound waves in striking the dia- 
phragm cause variations in the condenser’s capacitance which provides the audio 
voltage to be amplified. A condenser type microphone is practically free of dis- 
tortion, hissing, or interfering noises; it has a high impedance and requires a 
preamplifier which is usually a small three-stage amplifier mounted close by in 
the head of the microphone; it is not rugged and must be handled with care; it 
has high fidelity owing to its extremely good high-frequency response. 

3.47. Question. What is meant by “low level” modulation? 

Answer. Low level modulation is modulation produced at a point in a system 
where the power level is low compared with the power level at the output of the 
system. (F.C.C. Rules and Regulations 2.32.) 

3.48. Question. Which type of commonly used microphone has the great- 
est sensitivity? , 

Answer. Carbon type microphone. 

3.49. Question. Describe the construction and characteristics of a “crys- 
tal” type microphone. 

Answer. In the crystal microphone the audio voltage is obtained from a group 
of thin crystal cells, usually of Rochelle salt, owing to their piezoelectric properties. 
A diaphragm suitably connected to electrodes applies mechanical pressure to the 
crystal unit and in turn an e.m.f. is developed across the crystal surfaces ; this 
e.m.f. is the audio voltage which corresponds to the sound waves and goes to the 
amplifier. Since the e.m.f. across a single crystal cell is small it requires an 
arrangement of several such cells to provide efficient results. A crystal type 
microphone has extremely good high-frequency response and therefore has high 
fidelity; it is a high impedance type; it is not very rugged and hence must be 
handled with care. | 

3.50. Question. Describe the construction and characteristics of a “car- 
bon button” type microphone. 

Answer. In a carbon button type microphone the diaphragm is arranged to 
cause its vibrations in turn to vary the contact resistance of carbon granules which 
fill a small container, or cup. The whole is called a “carbon button.” A carbon 
backing-plate rests against a gold-plated area on the diaphragm so that mechani- 
cal pressure is imparted to the granules in the cup and the diaphragm, usually of 
duraluminum, is tightly stretched and damped. A carbon button microphone 
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possesses the highest sensitivity of any type of commonly used microphone; it 
has an inherent disadvantage in that its granules cause a frying or hissing noise, 
which may be objectionable unless the sound level is high, and in some cases it 
may restrict the amount of amplification possible; it is fairly rugged, but the 
carbon granules are subject to packing or freezing, a condition caused by excessive 
current or excessive mechanical pressure on the granules; it has a poor frequency 
response which is flat up to approximately 1,000 cycles, then shows a rising charac- 
teristic up to about 6,000 cycles, and for frequencies above this level the response 
drops off sharply; it is more generally used for remote pick-up work, or in relay 
broadcasting of outdoor events and not for regular studio pick-up where high 
fidelity is required. 

3.51. Question. What is a “velocity” type microphone? 

Answer. A velocity type microphone is a form of ribbon type microphone. In 
this type a very thin strip, or ribbon, is suspended between the poles of a powerful 
permanent magnet. The ribbon is so light that its motion varies as the velocity 
component of a sound wave, and the ribbon therefore does not have a pressure 
built up on it like a typical diaphragm which acts as an obstruction in the path 
of a sound wave. 

3.52. Question. What might be the cause of variations in plate current 
of a “class B” type of modulator? 

Answer. The plate current of a class B modulator varies during modulation 
even under normal conditions of operation. The audio drive on a modulator grid 
is not a voltage wave of constant amplitude but actually the amplitude varies in a 
complex manner causing the plate current to vary irregularly according to the 
peculiarities of a given signal. 

3.53. Question. What is the relationship between the average power out- 
put of the modulator and the modulated amplifier plate circuit input, under 
100 per cent, sinusoidal plate modulation? 

Answer. The average power output of the modulator is equal to one-half, or 
50 per cent, of the modulated amplifier plate circuit input. 

3.54. Question. What would be the effect of a shorted turn in a class B 
modulation transformer? In a class A modulation transformer? 

Answer. In either class of operation a shorted turn would change the voltage 
ratio and cause severe distortion. However, of more importance is the fact that 
a large circulating current would flow in the shorted turn resulting in excessive 
heat, damaged insulation with possible burnout, and a ruined transformer. 

3.55. Question. Why is a high percentage of modulation desirable? 

Answer. A high percentage of modulation provides a greater useful power, 
or sideband power, for a given carrier power, which means that the signal will 
cover a wider service area. Then again, at the receiving end a signal with a 
greater ratio of sideband power is less likely to suffer from interference. The 
plate efficiency is greater with high percentage modulation, and this is desirable 
from the standpoint of economy. The use of high percentage modulation causes 
the sidebands to reach out and this has the effect of lessening the interference in 
certain areas where a carrier otherwise existing alone would serve no useful pur- 
pose and would only cause adjacent channel interference. 
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3.56. Question. What are some of the possible results of overmodula- 
tion? Re 

Answer. Overmodulation results in the generation of additional sidebands, or 
harmonics, which broadens the frequency band and causes the transmission to 
interfere on adjacent channels. Serious distortion of the modulation envelope 
also results because the carrier during moments is brought to zero and hence is 
interrupted. | 

3.57. Question. What might cause frequency modulation in an amplitude 
modulated radiotelephone transmitter? 

Answer. Frequency modulation might be due to poor regulation in a common 
power supply, which would cause the oscillator to be modulated at the modulating 
frequency. Another cause might be from heavy load changes on the oscillator if 
the buffer stages do not effectively isolate the oscillator from the succeeding 
modulated r-f amplifiers. If r.f. feeds back into the oscillator plate supply it 
might cause this trouble. In general, circuits and tubes which are subject to 
heavy load changes might cause frequency modulation. 

3.58. Question. What percentage of antenna current increase should be 
expected between unmodulated conditions and 100 per cent sinusoidal 
modulation? 

Answer. The antenna current should increase 22.5 per cent. 


Discussion. On full modulation the power increases 50 per cent, and the total is then 150 
per cent; thus, 50 per cent is represented in the sidebands and 100 per cent in the carrier. 
The current then is equal to the square root of 150, or 122.5 per cent, of which 100 per cent 
represents the carrier current and 22.5 per cent the rise above the carrier value due to full 
modulation. 


3.59. Question. Under 100 per cent modulation conditions, what is the 
ratio of peak antenna current to unmodulated antenna current? 

Answer, The peak antenna current is double the unmodulated antenna circuit. 

3.60. Question. Under 100 per cent modulation conditions, what is the 
ratio of peak antenna power to unmodulated antenna power? 

Answer. The peak antenna power is four times the unmodulated antenna power. 


Discussion. Since the instantaneous peak current is twice the carrier current at full modula- 
tion and the antenna resistance is a constant and P=IJ/°R, then if J is doubled, or 
P= (2X 1)’R, the power is increased four times. 


3.61. Question. What might be the cause of a decrease in antenna cur- 
rent of a high level amplitude modulated radiotelephone transmitter when 
modulation is applied? 

Answer. A decrease in antenna current during modulation is called downward 
modulation, and also commonly referred to as downward kick since the ammeter 
in the antenna circuit would deflect, or kick, downward. The following is a gen- 
eral grouping which suggests the seat of the trouble and the probable cause: 


Operating voltages ..... Insufficient bias. 
Low filament voltage. 
ower supply tris... Poor regulation. 


Defective output condenser in filter. 
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Pubes: coger eae Low filament emission. 
Circuit adjustments ..... Improper neutralization. 

Improper tuning. 

Improper loading of modulator; for example, 
plate circuit resistance of modulated r-f am- 
plifier too high or too low. 

Alida; cysteny vies. ee Distortion. 

Insufficient audio power from modulator. 
PSCHIuON Swi eee Insufficient in case of class C. 

Excessive in case of class B. 


3.62. Question. How should a regenerative receiver be adjusted for op- 
timum response to a weak unmodulated carrier? 

Answer. Adjust the regeneration control to a point just beyond where oscil- 
lation starts, tighten the coupling between the primary and secondary, and tune 
these circuits carefully. 

3.63. Question. If a regenerative receiver oscillates too freely with 
minimum tickler coupling, what adjustment would reduce the feedback? 

Answer. The amount of feedback could be reduced by lowering any of the 
operating voltages, filament voltage, screen voltage, or plate voltage. Also, tighten- 
ing the coupling between the primary and secondary tuned circuits will cause 
the primary to take more r.f. from the secondary, and this loss to the secondary 
or grid circuit would reduce feedback. 

3.64. Question. Why is it necessary to use an oscillating detector for 
reception of an unmodulated carrier? 

Answer. An oscillating detector generates a frequency different from the 
incoming frequency and the two frequencies heterodyne, or beat together, to pro- 
duce a third frequency, or beat frequency, which can be made to come within the 
audio range to make the signal audible. An unmodulated carrier could not be 
made audible if the detector did not generate a different frequency because the 
carrier alone would merely result in a steady plate current with no audio com- 
ponent. | 

3.65. Question. What is the purpose of shielding in a multistage re- 
ceiver? 

Answer. Shielding isolates the high-frequency stages electrostatically, which 
increases the stability of the receiver. That is to say, without shielding the electro- 
static coupling existing between the various elements of the tuned circuits would © 
cause feedback and regeneration resulting in the stages breaking into oscillation 
when operated at maximum gain. 

3.66. Question. Explain what circuit conditions are necessary in a re- 
generative receiver for maximum response to a modulated signal. 

Answer. The tuned circuits should be adjusted closely to resonance and the 
regeneration control should be set for maximum regeneration, which is a point 
just on the verge of oscillation or, practically speaking, just before the rushing — 
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sound, or “hiss,” begins which indicates that the tube is about to spill over and 
break into oscillation, Keep the adjustment below this “hiss” which is the critical 
point. | 

3.67. Question. What feedback conditions must be satisfied in a regener- 
ative detector for most stable operation of the detector circuit in an oscil- 
lating condition? 

Answer. Sufficient energy must be fed back from plate to grid, or more than 
will just make up for the grid circuit losses so that tuning and coupling adjust- 
ments will not take the detector out of oscillation. It should be possible to have 
a smooth control over regeneration so that circuit adjustments are not critical. 

3.68. Question. What are the advantages to be obtained from adding a 
tuned radio-frequency amplifier stage ahead of the first detector (con- 
verter) stage of a superheterodyne receiver? 

Answer. Several advantages are to be obtained from the use of a pre-selector 
stage as follows: 

(a) Response to image frequencies is reduced. 

(b) Noise-to-signal ratio is reduced. 

(c) Greater selectivity owing to added tuned circuits. 

(d) Higher sensitivity owing to amplification of pre-selector stage, 

(e) No radiation of local oscillator frequency causing interference. 

3.69. Question. What feedback conditions must be satisfied in a regener- 
ative detector in order to obtain sustained oscillations? 

Answer, Sustained oscillations in a regenerative detector depend for one thing 
on the plate circuit feeding back sufficient r-f power to the grid to overcome the 
losses in the circuit. Another requisite is that the feedback voltage must be cor- 
rect in phase, that is, the potential returned to the grid by a change of plate cur- 
rent must be in phase with the grid potential that caused this change of plate 
current. This is why a regenerative detector will not oscillate if the connections 
to the tickler coil are reversed. When more energy is added to the grid circuit 
by feedback than is normally dissipated by the resistance of the circuit the net 
effect is similar to a circuit whose inherent resistance, or positive resistance, could 
be decreased ; this resistance characteristic is referred to as negative resistance and, 
therefore, when the feedback is sufficient to cause the negative resistance to com- 
pensate the positive resistance oscillations will be generated. 

3.70. Question. How is “automatic volume control” accomplished in a 
radio receiver? 

Answer. In a system of automatic volume control the circuit is arranged so 
that the incoming signal, after being amplified in the r-f stages, is passed through 
a diode rectifier with suitable filters for separating the r-f and a-f components. 
The rectified radio-frequency current in flowing through a resistor, shunted by a 
_ condenser, sets up a d-c voltage across this R-C combination which is proportional 
to the current; the grid returns of the r-f amplifiers connect to the negative poten- 
tial end of the resistor and, therefore, changes of current intensity through it will 
vary the bias and control the amount of amplification. If the signal level in- 
creases, a larger current flows in the resistor which increases the bias and lowers 
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the amount of amplification; a reduction. of signal strength decreases the bias, 
which allows a greater amplification. Hence, as the signal level goes up or down 
the change of bias on the r-f stages automatically keeps the volume at a constant 
level. 

3.71. Question. If a superheterodyne receiver is tuned to a desired signal 
at 1,000 kilocycles, and its conversion oscillator is operating at 1,300 kilo- 
cycles, what would be the frequency of an incoming signal which would 
possibly cause “image” reception? 

Answer. A 1,600 kilocycle signal would probably cause image reception. On 
the assumption that the conversion oscillator tracks at a higher frequency than 
the desired signal, then the image frequency is equal to the sum of the desired 
signal frequency and twice the intermediate frequency, or 1,000+ (2 x 300) = 
1,600 kilocycles. 

3.72. Question. If a tube in the only radio-frequency stage of your 
receiver burned out, how could temporary repairs or modifications be made 
to permit operation of the receiver if no spare tube is available? 

Answer. The antenna lead-in connection could be removed from the antenna 
post and reconnected to the plate lead at the defective tube’s socket, thus making 
the primary of the r-f transformer serve as an antenna coupling coil. A blocking 
condenser could be used in series with the lead-in connection to keep high-voltage 
d.c. off the antenna and prevent possible short circuit to ground which would 
short the power supply. 

3.73. Question. What are the characteristics of “plate detection”? 

Answer. In plate detection the grid is biased approximately to cutoff, similar 
to class B operation of an amplifier, so that with strong signals the output is linear. 
Hence, the tube can handle strong signals with comparatively low distortion, but 
its sensitivity is only fair. 

3.74. Question. What is the purpose of a “radio-frequency” choke? 

Answer, The most common use of a radio-frequency choke is to supply a high 
inductance in a circuit for the purpose of suppressing an undesired frequency and — 
permitting other frequencies to pass, or perhaps suppress a radio-frequency cur- 
rent and allow direct current to pass, as in grid bias and plate power supply cir- 
cuits. Another use is in an impedance-capacitive coupled stage where a radio- 
frequency choke might serve as a load in the plate circuit. 

3.75. Question. What would be the effect upon a radio receiver if the 
vacuum tube plate potential were reversed in polarity? 

Answer. The receiver would become inoperative because plate current could 
not flow with negative potential on the plates. 

3.76. Question. What would be the effect upon the operation of a re- 
ceiver if the grid return is connected to the positive rather than the nega- 
tive terminal of the filament battery? 

Answer. The signal probably would be only slightly affected in many receivers 
because of the small net change in the bias. However, in early types of regenera- 
tive receivers which used no r-f amplification this change would ordinarily inter- 
fere with normal reception; the signal would be very weak or inaudible because 
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the potential from this point would oppose the potential set up by a grid-leak and 
condenser combination. : 

3.77. Question. Draw a simple schematic diagram of a system of coup- 
ling a single electron tube employed as a radio-frequency amplifier to a 
Hertz type antenna. 

Answer. See Figure 53. 


y INSULATOR 


+B 


x FINAL PLATE 
TANK 


Fic. 53. Hertz antenna coupled to the tank of a power amplifier. 


3.78. Question. Draw a simple schematic diagram indicating a link 
coupling system between a tuned-grid tuned-plate oscillator stage and a 
single electron tube, neutralized amplifier. 

Answer. See Figure 54. 


olererererere 


Fic. 54. Example of link coupling. 


3.79. Question. Draw asimple schematic diagram of a push-pull, neutral- 
ized radio-frequency amplifier stage, coupled to a Marconi type antenna 
system. 

Answer. See Figure 55. 

3.80. Question. Draw a simple schematic diagram of a system of neutral- 
izing the grid-plate capacitance of a single electron tube employed as a 
radio-frequency amplifier. 

Answer. See Figure 56. 
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Fig. 55. Push-pull amplifier, neutralized and coupled to the antenna. Either circuit may be 
used to answer the question. 


-C (a) O +B 


Fic. 56. Neutralization by Rice method. The principles are explained by the bridge diagram 
in (b) where no voltage exists across Ls; when properly neutralized. 
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3.81. Question. Draw a simple schematic diagram showing the proper 
method of obtaining d-c screen-grid voltage from the plate supply in a 
modulated pentode, class C amplifier. 

Answer. See Figure 57. 


a 
MODULATED 
R-F OUTPUT 


Fic. 57. Showing the screen grid and plate both receiving the modulating voltage. 


3.82. Question. What is the purpose of a “buffer” amplifier? 

Answer. <A buffer amplifier is an r-f amplifier which is operated in a manner 
to provide adequate plate isolation between a previous stage, or oscillator, and 
subsequent r-f stages for minimizing circuit reactions that cause frequency in- 
stability. One or more buffer stages usually follow the oscillator in a radiotele- 
phone transmitter. By employing loose coupling and operating a buffer stage not 
primarily for gain it effectively reduces oscillator plate circuit load changes result- 
ing from modulation or plate load changes in the power amplifier. 

3.83. Question. What are the characteristics of a “frequency doubler” 
stage? 

Answer. A frequency doubler stage has its plate tank adjusted to the second 
harmonic of the grid excitation voltage, it operates at a relatively low efficiency 
and requires no neutralization. In one circuit arrangement the bias is adjusted to 
a value well beyond cutoff, similar to class C operation, so that only a portion of 
the least negative half cycle of the grid excitation voltage wave causes a pulse of 
plate current which excites the tank and owing to its oscillatory properties (fly- 
wheel effect) the tank produces two cycles before it again receives excitation. This 
type of operation generates a strong second harmonic in the output. A frequency 
doubler stage may be operated with the grids in push-pull receiving the funda- 
mental frequency and the plates in parallel with the plate tank tuned to the 
second harmonic. 

3.84. Question. What are the advantages of a master-oscillator power- 
amplifier type of transmitter as compared with a simple oscillator trans- 
mitter? 

Answer. The frequency stability of a transmitter is improved by the use of a 
power amplifier. Load changes on the oscillator, for example, due to variations 
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in antenna capacitance are minimized by employing one or more r-f amplifier stages 
which isolate the oscillator from the antenna. 

3.85. Question. What are the differences between Colpitts and Hartley 
oscillators? 

Answer. In the Colpitts type the oscillatory circuit is divided electrically into 
two capacitances, which permits the grid to receive excitation from one capaci- 
tance and the plate to supply excitation to the other for driving the oscillatory 
circuit. Therefore a Colpitts oscillator, called “split-capacitance’”’ type, uses one 
capacitance connected between grid and cathode and the other connected between 
plate and cathode. The Hartley oscillator is the “split-inductance” type in which 
one coil section of the oscillatory circuit inductance connects to grid and cathode 
and the other coil section between plate and cathode for similar purposes of 
excitation as in the Colpitts oscillator. 

3.86. Question. What is the primary purpose of a igrid: leak in a vacuum 
tube transmitter? 

Answer. The primary purpose of a grid-leak is to furnish a conductive path 
of high resistance for electrons to flow back to cathode. Specifically, a grid-leak 
may serve as a source of bias, as in the self-bias method, or if separate biasing is 
used the grid-leak would connect the grid to the bias source, assuming the bias 
voltage to be shunt fed to the grid, thus making necessary the use of a grid 
blocking condenser. The grid of any electron tube must be provided with a direct- 
current path of some kind to its cathode and if this conductive path were open 
and continuity broken for any reason it would trap electrons on the grid, thus 
building up a negative blocking potential. 

3.87. Question. By what means is feedback coupling obtained in a tuned- 
grid tuned-plate type of oscillator? 

Answer. The capacitance between the plate and grid within the tube furnishes 
the necessary coupling by which r-f power in the output feeds back to the input 
to cause oscillation. 

3.88. Question. What may be the result of parasitic oscillations? 

Answer. Parasitic oscillations may cause overheating of circuit components and 
tube elements, a distorted output, erratic action in the r-f circuits, the radiation of 
spurious frequencies, and a general decrease in efficiency. 

3.89. Question. How may the production of harmonic energy by a 
vacuum tube radio-frequency amplifier be minimized? 

Answer, First, in considering the operation of a radio-frequency amplifier the 
harmonic output is minimized by careful attention in maintaining proper bias and 
preventing over-excitation. Second, in considering the methods employed to 
minimize harmonic output there are several means as suggested by the following: 
Operating the r-f stage in push-pull; minimizing electrostatic coupling in the out- 
put transformer by a Faraday screen, or electrostatic shield; absorption of har- 
monics by harmonic suppressor or filter in the circuit ; reducing harmonic transfer 
by a link coupling ore between stages in which one leg of the link circuit is 
grounded. 

3.90. Question. What is the definition of “parasitic oscillations”? 

Answer, Parasitic oscillations are high-frequency currents generated in an r-f 
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amplifier which bear no relation to the desired frequencies in the stage. These 
spurious oscillations are usually generated at a very high frequency because their 
presence is due to the forming of oscillatory circuits by chokes or connection leads 
which supply the inductance together with distributed capacitance in coils or stray 
capacity effects in circuit wiring or between circuit elements. 

3.91. Question. What is the purpose of a “Faraday” screen between the 
final tank inductance of a transmitter and the antenna inductance? 

Answer. The purpose of a “Faraday”’ screen is to minimize harmonic radiation. 
The screen effectively reduces the electrostatic coupling between the two windings, 
which practically eliminates second harmonic frequencies being transferred to the 
antenna by this means, the normal coupling being electromagnetic passes the work- 
ing frequency. 

3.92. Question. How may the distortion effects caused by class B oper- 
ation of a radio-frequency amplifier be minimized? 

Answer. Distortion in a class B radio-frequency stage may be minimized by 
operating at the proper bias and proper excitation to keep the output linear, by 
observing the proper procedure in tuning the tank circuits, by operating the stage 
in push-pull, and by preventing excessive load on the output. 

3.93. Question. What is the effect of carrier shift in a plate modulated 
class C amplifier? 

Answer. Carrier shift causes the following: adjacent channel interference 
owing to generation of additional sideband frequencies; distortion of modulation ; 
lower power output; broadens the tuning of the wave. 

3.94. Question. What are some possible indications of a defective trans- 
mitting tube? 

Answer. The plate may show excessive color in a “soft” tube due to high 
‘plate current and overheating. A blue glow or haze seen within the envelope 
might result from a gassy tube. A burned-out filament, obviously, would give 
no light with voltage applied. Another possible indication is subnormal plate cur- 
rent caused by a low emission filament. Shorted ‘electrodes would probably show 
sparking. 

3.95. Question. What would be the possible indications that a vacuum 
tube in a transmitter has subnormal filament emission? 

Answer. A low emission filament would result in subnormal plate current and 
low output, conditions which would be indicated by low readings, respectively, on 
the plate current meter and antenna ammeter. If the tube were being worked as 
an oscillator it might be incapable of oscillating with a low emission filament. 

3.96. Question. What are possible causes of negative carrier shift in a 
linear radio-frequency amplifier? 

Answer. Negative carrier shift means that the amplitudes of the negative 
halves of the modulation wave are greater than the positive halves and, conse- 
quently, the carrier power shifts downward. The following might cause this 
condition : 


Poor regulation of the power supply. 
Audio wave distorted owing to overexcitation in modulator stage. 
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Improper bias on modulator stage. 

Low filament emission. 

Overmodulation, although this condition, in some cases, might cause an upward 
shift. 

Improper circuit conditions, such as, improper load, detuned antenna, and tank 
circuits improperly tuned. 


3.97. Question. In a modulated class C radio-frequency amplifier, what 
is the effect of insufficient excitation? 

Answer. Insufficient r-f excitation in a modulated class C amplifier will reduce 
the output and lower the efficiency. ; 

3.98. Question. What is the purpose of a “dummy antenna’? 

Answer. A dummy antenna, or artificial antenna, is a substitute antenna which 
permits a transmitter to be fully operated without radiating power that might 
cause interference. For example, a dummy antenna serves a practical need where 
a transmitter is to be adjusted or warmed up prior to going on the air, or for 
experimental or test purposes where an unlicensed transmitter is to be operated 
with power on. | 

3.99. Question. In a class C radio-frequency amplifier stage of a trans- 
mitter, if plate current continued to flow and radio-frequency energy is 
still present in the antenna circuit, what defect would be indicated? 

Answer. Defective blocking bias conditions might permit oscillation which 
would continue to excite the antenna when the stage otherwise should be in- 
operative. Another possibility would be due to unneutralized conditions causing 
self-oscillation in the stage if the excitation was not being applied but antenna 
current was present. 

3.100. Question. If the transmitter filament voltmeter should cease to 
operate, how may the approximately correct filament rheostat adjustment 
be found? | 

Answer. <A fairly close adjustment of filament voltage could be found by 
observing a plate current meter for normal indication, or in the absence of a plate 
current meter the proper adjustment could be judged approximately by normal 
brightness of the filament. 

3.101. Question. What are some possible causes of overheating vacuum 
tube plates? 

Answer. Some possible causes of an overheated plate are a soft or gassy tube, 
parasitic oscillations, unneutralized condition, insufficient bias, excessive plate volt- 
age, and detuned plate circuit. 

3.102. Question. Should the plate current of a modulated class C ampli- 
fier stage vary or remain constant under modulation conditions? Why? 

Answer. Ina class C amplifier stage the plate current should remain constant 
during modulation. If there is no distortion present the positive and negative 
halves of the modulation or audio cycle result in equal increases and decreases of 
plate current. Since the audio cycle swings symmetrically about the d-c plate 
current component as a zero axis the average value of the plate current remains 
unchanged. 
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3.103. Question. What is the effect of a swinging antenna upon the out- 
put of a simple oscillator? 

Answer. The effect of a swinging antenna is to vary the frequency since 
changes in antenna capacitance act to vary the load on the oscillator plate circuit. 
Frequency instability is a characteristic of all simple oscillator-type transmitters 
in which the oscillator is coupled into the antenna. 

3.104. Question. What factors permit high conduction currents in a 
hot-cathode type of mercury-vapor rectifier tube? 

Answer. In a mercury-vapor rectifier tube the ionization of the vaporized gas 
and neutralization of the negative space charge are inherent characteristics which 
account for electrons in great quantities being made available for conduction 
through the tube. These actions in turn account for the tube having a low internal 
impedance, and low voltage drop, which is practically constant at 15 volts for all 
normal values of current handled by the tube. Since the voltage drop is very low 
and remains practically constant the /?R loss, or dissipation, does not become ex- 
cessive on high currents. 

3.105. Question. List the principal advantages of a mercury- vapor recti- 
fier over a high-vacuum type of rectifier. 

Answer. The principal advantages of a mercury-vapor rectifier over a high- 
vacuum type of rectifier are lower internal impedance, which provides better volt- 
age regulation, and lower J?R loss, which gives a higher efficiency. 

3.106. Question. What effect does the resistance of filter chokes have on 
the regulation of a power supply? 

Answer. The effect is that by decreasing the resistance of filter chokes the regu- 
lation is improved. 

3.107. Question. Describe the theory of current conduction and recti- 
fication by means of cold cathode, gassy diode vacuum tubes. 

Answer. The theory of current conduction in a gaseous type diode tube is 
based on the ionization of the gas when electrons collide with or bombard the gas 
atoms, which leaves these atoms in a positively charged state through losing elec- 
trons by this action. The positive atoms, or ions, seek a negative electrode to 
take on the same number of electrons they lost owing to ionization, whereas, the 
electrons which were freed by collision go toward the positive electrode and repre- 
sent the conduction current. The rectifying action when utilizing a cold cathode 
depends for one thing upon the difference in size of the two electrodes, one 
electrode being much larger than the other and, also, upon the difference in mag- 
nitude between a positive atom and an electron which is infinitely smaller in com- 
parison. In this action only a relatively few electrons leave the smaller electrode 
in order to neutralize the limited mass of ions around its surface, but the larger 
electrode does not hold such restrictions. Therefore, when an alternating-current 
voltage is applied to two such electrodes it results in practically one-way conduc- 
tion, or rectification. Conduction is obtained on the half cycle when the smaller 
electrode is at a positive potential and the larger one at a negative potential, but 
on the next half cycle the potentials are reversed and there is practically no con- 
duction, Although a rectifier of this kind does not give 100 per cent rectification, 
yet it serves effectively in many practical applications. 
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3.108. Question. Describe the principle of operation of a synchronous 
type of mechanical rectifier. 

Answer. In one type of synchronous mechanical rectifier an electromagnet, 
provided with an armature carrying suitable contacts, is energized by an alternat- 
ing current which causes the armature to vibrate in synchronism with the a-c 
supply. The contacts are arranged so that one pair closes on one swing of the 
armature to connect the line to the load to provide a pulse of current of the desired 
d-c polarity, and on the opposite swing of the armature this pair opens and another 
pair closes to keep the same polarity across the load as for the first pulse. Another 
type employs a synchronous motor which drives a commutator with contacts suit- 
ably arranged with respect to stationary and rotary segments so that the connec- 
tions are mechanically reversed for each half cycle of the a-c supply to provide a 
d-c voltage to the load. 

3.109. Question. What might be the result of starting a motor too slowly, 
using a hand starter? 

Answer. The high current, if continued too long by slow see of a motor, 
will overheat the armature and the starting resistors. A motor running at slower 
speeds develops less counter e.m.f. to limit the current taken by the armature, and, 
therefore, when a motor is started too slowly the current flows at a high value 
over a longer period of time. 

3.110. Question. State the principal advantage of a “third brush” gener- 
ator for radio power supply in automobiles. 

Answer, The use of a third brush from which the field excitation is obtained 
results in a great improvement in the voltage regulation of the generator. This 
advantage is important in a generator used to charge the radio battery in an auto- 
mobile which is operated under widely varying speed conditions. The third brush 
can be adjusted to keep the charging voltage within the desired maximum limits, 
which prevents excessive charging currents at high speeds. 

3.111. Question. What materials should be used to clean the commu- 
tator of a motor or generator? 

Answer. The materials used to clean a commutator are a fine grade of sand- 
paper, about No. 0000, and a pad made of canvas or duck. Emery cloth should 
never be used. Materials such as vaseline and special compounds for cleaning 
commutators should be used only when especially recommended. 

3.112. Question. List three causes of sparking at the commutator of a 
d-c motor. 

Answer. Several causes of sparking at the commutator of a d-c motor are 
dirty commutator, high bars or high mica, overload, starting the motor too fast, 
defective armature winding, brushes improperly set on neutral point, faulty brush 
spring tension which may be too light, or the brushes themselves may be either 
chipped, or worn, or poorly fitted to the commutator. 

3.113. Question. Why is it necessary to use a starting resistance when 
starting a d-c motor? 

Answer. <A starting resistance provides a voltage drop in the line which is 
necessary to limit the current taken by the armature to a safe value until the 
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counter e.m.f. builds up to give the same result. The armature windings of d-c 
motors generally have very low resistances, much less than an ohm in most cases. 
3.114. Question. List the comparative advantages and disadvantages of 
motor-generator and transformer-rectifier power supplies. 
Answer. Rotating machinery and rectifier type power supplies have compara- 
tive advantages and disadvantages as follows: 


Motor-generator sets. 
Advantages: 

Require small filters because of the high ripple frequency. 

Can be used for power supply in portable equipment. 

Very rugged and less danger of interruption owing to flash-back. 

Give long continuous service; maintenance consists normally of only an occa- 
sional need for brush replacement and lubricants, which are comparatively 
inexpensive items. 

Disadvantages: 

High initial cost. 

High installation cost; a motor-generator set usually must be located some 
distance from the transmitter because of possible troubles due to vibration 
and some machines are noisy. 

Requires frequent and periodic servicing, which includes lubrication and very 
careful attention to commutator and brushes to prevent flashover troubles. 

Repairs are very difficult in the case of breakdown of the armature. 


Transformer-rectifier power supplies. 
Advantages: 
Easy replacement of tubes. 
No moving parts. 
Service routine is simplified. 
Installation is simplified because a rectifier type power supply usually is 
mounted in the frame as a component part of the transmitter. 
Disadvantages: 
Tubes have comparatively short useful life. 
Replacement costs are high. 
Not very rugged; fragile. 
Tubes are subject to flash-back, which might ruin them. 
Large filters are required. : 
Cannot be operated from a d-c source. 


3.115. Question. If the reluctance of an iron-core choke is increased by 
increasing the air gap of the magnetic path, in what other way does this 
affect the properties of the choke? 

Answer. In addition to the reluctance being changed by widening the air gap 
of the magnetic path, the inductance of the choke is decreased and its effective- 
ness as a choke might be impaired. Another effect is that a larger current can 
be carried by the choke without saturation of the core. 

3.116. Question. What is the effect upon a filter choke of a large value of 
direct current flow? 
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Answer. A large value of direct current in a filter choke tends to saturate the 
iron core, reduce the inductance, and impair its effectiveness as a choke. A large 
current will cause overheating if it exceeds the current rating of the choke. 

3.117. Question. What are the characteristics of a condenser-input filter 
system as compared with a choke-input system? 

Answer. Comparing a condenser-input filter system with a choke-input system, 
the condenser-input type has the following characteristics: Higher inverse peak 
voltage, higher voltage output, and poorer voltage regulation. 

3.118. Question. What is the principal function of the filter in a power 
supply? 

Answer. The principal function of the filter in a power supply is to smooth out 
the pulsations of the rectified a-c cycle to provide a substantially steady d- -c volt- 
age containing only the permissible amount of ripple frequency. 


3.119. Question. What are the characteristics of a choke-input filter 


system? 

Answer. The characteristics of a choke-input filter system compared with a 
condenser-input filter are lower inverse peak voltage, lower voltage output, and 
better voltage regulation. 

3.120. Question. What is the percentage regulation of a power supply 
with a no-load voltage output of 126.5 volts and a full-load voltage output 
of 115 volts? 

Answer. The percentage regulation is 9%. 


Computation: Apply the formula for percentage regulation and insert the given values as 
follows: 
Fimnax ari Hntn 126.5 Gar 115 


ion i Se 100 = —————_—_ 100 = 9 
Regulation in per cent es x 100 iis x % 


3.121. Question. What is the definition of “voltage regulation” as ap- 
plied to power supplies? 

Answer. Voltage regulation as applied to power supplies expresses in per cent 
the voltage drop between no load and full load compared with the full-load voltage, 
as given by the formula below. (It is to be mentioned that some tube manuals 
make use of the no-load voltage for comparison with the difference between the 
no-load and full-load_ voltages.) 


jan oO ris E 0a 
Regulation in per cent = Be ee LSet hee xX 100 


Ffull load 

3.122. Question. May two condensers of 500 volts, operating voltage, 
one an electrolytic and the other a paper condenser, be used successfully 
in series across a potential of 1,000 volts? Explain your answer. 

Answer. The condensers in series could not be used successfully across a 
1,000-volt a-c line because during the half cycle when the polarity was improper 
the electrolytic would conduct, with the result that it would overheat and, owing 
to its internal resistance then being negligible, would subject the paper condenser 
to almost the full 1,000 volts, which might cause it to break down. However, the 
normal application of an electrolytic condenser is in a d-c circuit where an a-c 
component is present, but even here the series combination could not be used 


—_— 
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because the internal resistance of an electrolytic condenser is much lower than for 
a paper condenser. The 1,000 volts d.c. would be distributed in proportion to 
the respective resistances and consequently a much higher voltage than 500 volts 
would be applied to the paper condenser, probably causing it to break down. 

3.123. Question. What is the principal function of a “swinging choke” 
in a filter system? 

Answer. The principal function of a “swinging choke” in a filter system is to 
maintain the necessary inductance, or impedance, at the rectifier output for widely 
changing load conditions. The inductance of the choke changes with the d-c com- 
ponent as it rises and falls according to the load changes. See answer to Question 
5.108. 

3.124. Question. What is the purpose(s) of a “bleeder” resistor as used 
in connection with power supplies? 

Answer. A “bleeder” resistor protects the filter condensers from breakdown 
because it keeps a load on the rectifier at all times, which prevents dangerous 
voltage peaks from developing when the regular load is decreased or removed. 
Incidentally, the use of a bleeder improves the voltage regulation. In addition, it 
serves as a discharge path for the filter condensers after the equipment is shut 
down, thus protecting the personnel from possible high-voltage shock. 

3.125. Question. What does a blue haze in the space between the fila- 
ment and plate of a high-vacuum rectifier tube indicate? 

Answer. Blue haze is an indication of ionization due to the presence of gas 
in the tube. A high-voltage rectifier tube might show a blue haze when operated 
at excessive voltage but not on normal voltage if only a small trace of gas were 
present. A high-vacuum tube showing a blue haze under normal operating con- 
ditions should be replaced with a good tube. 

3.126. Question. When condensers are connected in series in order that 
the total operating voltage of the series connection is adequate for the 
output voltage of a filter system, what is the purpose of placing resistors 
of high value in shunt with each individual condenser? 

Answer. The purpose of connecting a resistor across each condenser unit is 
to protect the condenser from excessively high voltage, which might damage it. 
If there is any variance in the internal resistances of the condensers in a series 
bank the one with the highest internal resistance will have the highest voltage 
applied to it. Also, the a-c component will cause the peak voltage to be highest 
across the condenser of lowest capacitance. The resistors, being in series and 
connected across the line, form practically a voltage divider which allows the line 
voltage to be distributed proportionally across the condensers to keep them work- 
ing within safe limits. 

3.127. Question. If a high-vacuum type, high-voltage rectifier tube 
should suddenly show internal sparking and then fail to operate, what 
elements of the rectifier-filter system should be checked for possible failure 
before installing a new rectifier tube? 

Answer. The filter should be checked for any short-circuited condition, such 
as a shorted filter condenser, a shorted bleeder resistor, or a short to ground in 
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the wiring. It is usual practice to check the input filter condenser before looking 
elsewhere for the trouble since this condenser is across the output of the rectifier 
tubes and, therefore, is placed under the greatest strain. 

3.128. Question. If the plate of a rectifier tube suddenly became red 
hot, what might be the cause and how could remedies be effected? 

Answer. An overload condition will cause a rectifier tube plate to operate red 
hot; therefore check for a shorted filter condenser, or shorted bleeder resistor, 
or short to ground, and clear any shorts or replace any defective parts if found. 
If the trouble is not in the power supply, check the load circuit for excessive 
plate current readings in any stage which might cause overload, especially if 
tuning adjustments were being made at the time without first reducing power. 

3.129. Question. Draw a simple schematic diagram of a quartz crystal 
controlled oscillator, indicating the circuit elements necessary to identify 
this form of oscillatory circuit. 

Answer. See Figure 6. 

3.130. Question. Draw a simple schematic diagram of a dynatron type of 
oscillator, indicating the circuit elements necessary to identify this form 
of oscillatory circuit. 

Answer. See Figure 58. 


PLATE CURRENT 


PLATE VOLTAGE 


SCREEN 
VOLTAGE 


(a) 


Fic. 58. Dynatron oscillator. 


3.131. Question. Draw a simple schematic diagram of an oscillatory cir- 
cuit involving the use of a spark gap discharge, indicating the circuit ele- 
ments necessary to identify this form of oscillatory circuit. 

Answer. See Figure 59. 

3.132. Question. Draw a simple schematic diagram of an oscillating arc 
circuit, indicating the circuit elements necessary to identify this form of 
oscillatory circuit. 

Answer. See Figure 60. 

3.133. Question. Draw a simple schematic diagram of an electron coupled 
oscillator, indicating the circuit elements necessary to identify this form 
of oscillatory circuit. 

Answer. See Figure 9. 

3.134. Question. What does the expression “positive temperature coefh- 
cient” mean, as applied to a quartz crystal? 

Answer. The expression “positive temperature coefficient” means that the 
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Fic. 60. Sketch (b) shows a fundamental arc circuit. Sketch (a) shows how a back shunt 
circuit is connected. 


frequency increases as the temperature rises. For example, in a given crystal 
the frequency may increase 35 to 40 parts in a million for each degree Centigrade 
of change of temperature. Crystals of the Y-cut type usually have a positive 
temperature coefficient. 

3.135. Question. Draw a simple schematic diagram of a crystal con- 
trolled vacuum tube oscillator, using a pentode type tube. Indicate power 
supply polarity where necessary. 

Answer. See Figure 10. 
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3.136. Question. What will result if a d-c potential is applied between 
the two parallel surfaces of a quartz crystal? 


Answer. A crystal with a d-c voltage applied to the opposite plane surfaces _ 


will undergo a change in its dimensions ; that is, it becomes deformed and remains 
so until the applied voltage is removed. A large d-c voltage would cause great 
mechanical strain or a maximum of deformation which might crack or shatter 
the crystal. 

3.137. Question. What does the expression “negative temperature co- 
efficient” mean, as applied to a quartz crystal? 

Answer. The expression “negative temperature coefficient” means that the fre- 
quency increases as the temperature decreases. Crystals of the X-cut type usually 
have a negative temperature coefficient. 

3.138. Question. What does the expression “low temiperatrre coefficient” 
mean, as applied to a quartz crystal? 

Answer. A “low temperature coefficient” refers to a crystal which is compara- 
tively free from frequency changes with change in temperature. 

3.139. Question. What is the function of a quartz crystal in a radio 
transmitter? 

Answer. A quartz crystal dictates the frequency of the master oscillator, which 
is the source of the frequency assigned to the transmitter. The crystal’s special 
properties improve the frequency stability of the oscillator. 

3.140. Question. What may result if a high degree of coupling exists 
between the plate and grid circuits of a crystal controlled oscillator? 

Answer. A high degree of coupling between the plate and grid circuits might 
cause excessive feedback to overload and shatter the crystal or cause the crystal 
to jump to a different frequency. 

3.141. Question. What is the purpose in maintaining the temperature 
of a quartz crystal as constant as possible? 

Answer. Temperature control keeps the amount of frequency drift within very 
narrow limits and assures maintaining the frequency assigned to the transmitter 
as constant as practicable and within the frequency tolerance limits. 

3.142. Question. Why is a separate source of plate power desirable for 
a crystal oscillator stage in a radio transmitter? 

Answer. The frequency stability of the oscillator is improved by the use of 
a separate plate power supply. A common power supply would allow load changes 
in the power amplifier stages due to modulation or other causes to react on the 
oscillator plate circuit which would result in distortion and frequency variation. 

3.143. Question. What are the principal advantages of crystal control 
over tuned circuit oscillators? 

Answer. Greater frequency stability is the main advantage. The small size of 
the crystal element permits practical use of temperature control to keep the amount 
of frequency drift within very narrow limits. A crystal oscillator is comparatively 
easy to adjust and the high Q properties of the crystal provide greater selectivity. 
The Q value of a crystal is many times greater than a coil and condenser assembly 
of much larger dimensions. 
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3.144. Question. What is the approximate range of temperature coeffi- 
cients to be encountered with X-cut quartz crystals? 

Answer. The range of temperature coefficients to be expected in the use of 
X-cut quartz crystals is approximately between +100 parts and —22 parts in a 
million per degree Centigrade. These figures indicate a greater range of change 
in parts per million for temperature increases, which cause the frequency of the 
crystal to increase. 

3.145. Question. Is it necessary or desirable that the surfaces of a quartz 
crystal be clean? If so, what cleaning agents may be used which will not 
adversely affect the operation of the crystal? 

Answer, It is essential that the surfaces of a quartz crystal be scrupulously 
clean. A speck of dirt or a greasy film on the face of a crystal may change its 
characteristics entirely. For this reason it is important that a crystal be carefully 
cleaned after handling with the fingers, and assembling the crystal in its holder 
should be done under reasonably dust-free conditions. One of the best cleaning 
agents is carbon tetrachloride (Carbona). 

3.146. Question. Explain the generation of radio-frequency oscillations 
of a spark discharge oscillatory circuit. 

Answer. Refer to Figure 59, which shows a high-voltage transformer, high- 
potential condenser, spark gap, and inductance. Power is supplied by the trans- 
former at a low frequency, not radio frequency, and the oscillatory circuit con- 
sists of the condenser, the inductance, and the gap in series. On an alternation 
of the power cycle the condenser is charged by the same voltage building up across 
the gap and when the voltage reaches an amplitude which will break down the 
high resistance of the gap a spark discharge takes place, thus making the gap 
conductive. The condenser voltage decreases as it discharges and sends current 
through the inductance so that during this interval energy is being transferred 
from electrostatic lines in the condenser to electromagnetic lines surrounding the 
inductance. When the energy in the condenser is spent the magnetic lines begin 
to diminish and generate a voltage (that is, em.f. due to self-induction) which 
continues the current in the same direction across the gap to recharge the con- 
denser. It is important to notice at this moment that the condenser’s polarity, is 
reversed and the charge in it is of much lesser magnitude than the initial charge 
principally because of the great heat loss or. dissipation at the gap. These func- 
tions complete an alternation of radio-frequency current. The next alternation 
of r.f. begins when the condenser discharges and sends current in the opposite 
direction across the gap and through the inductance again setting up magnetic 
lines which in turn generate a voltage (e.m.f. due to self-induction) ; hence, the 
current continues to flow to the condenser to recharge it. At the end of this 
alternation we find that the condenser is recharged, with its polarity again reversed 
and the charge in it greatly reduced compared with the previous charge because 
of the high dissipation at the gap. The circuit functions just given complete a 
cycle of radio-frequency current, called an oscillation. 

These functions are common to other oscillatory circuits in so far as concerns 
the production of oscillations (so-called flywheel effect ) and the difference mainly 
is due to the presence of the gap in series with the oscillatory system. It takes a 
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high voltage to break down the gap’s resistance, and the dissipation (in heat at 
the gap) with each passage of current is enormous when compared with the dissi- 
pation in an ordinary oscillatory system where the inductance and capacitance are 
connected together without such a gap. For these reasons the amplitudes of suc- 
cessive alternations are rapidly reduced with a wide gap and therefore only a 
comparatively few oscillations, sometimes only 25 or more in highly damped cir- 
cuits, are generated before they die out, or damp out. A damped wave, therefore, 
is composed of successive series of oscillations in which the amplitude after attain- 
ing a maximum decreases gradually. The frequency of the oscillations depends 
upon the L and C values and somewhat on the F value, which is represented prin- 
cipally in the gap. Another group of similarly damped oscillations will be gener- 
ated on the next alternation of the power cycle when the condenser is charged to 
a voltage that will again break down the resistance of the gap. 

3.147. Question. Explain the “negative resistance” characteristic of an 
oscillating arc circuit. 

Answer. An arc oscillator depends upon current conduction by means of a gas 
where ionization enters into the action. A current passing through a gas causes 
ionization, which produces ions and makes the path more conductive, thus permit- 
ting more current to flow which would cause further ionization, and, therefore, 
in effect the resistance of the arc becomes less as the current increases. Of course, 
limitations which control this rise of current ate the regulation of the power 
supply and the point at which saturation of the gas occurs. This characteristic, 
called negative resistance, is contrary to Ohm’s law because in this action an 
increase and decrease of current results in a corresponding decrease and increase 
of voltage drop across the electrodes of the arc. Ohm’s law is based upon a 
“positive resistance” characteristic, or one relating to current conduction in solids, 
or metals, which dissipates energy in the circuit; according to Ohm’s law an in- 
crease and decrease of current through a given resistance results in a proportional 
increase and decrease of the voltage drop across the resistance. When d-c power 
is applied to the arc the oscillatory circuit receives an impulse which starts it 
oscillating because the negative resistance arc is in series with and balances the 
positive resistance of the oscillatory system; it is the positive resistance in an 
oscillatory system that stops oscillation. 7 

3.148. Question. List the characteristics of a dynatron type of oscillator. 

Answer. The characteristics of a dynatron oscillator are excellent frequency 
stability, low output, and low efficiency. The dynatron oscillator is useful as a 
reference and for calibration purposes in an instrument such as a heterodyne fre- 
quency meter. Its use in general is restricted because of the low output. 

3.149. Question. List the characteristics of an electron-coupled type of 
oscillator. 

Answer. The characteristics of an electron-coupled oscillator are excellent fre- 
quency stability and medium power output. This type is very stable because the 
oscillator section of the tube is coupled into the load only by the electron flow from 
cathode to plate in the tube and therefore changes in plate circuit load impedance 
have practically no effect on the tuned circuit constants. 
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3.150. Question. Upon what characteristics of an electron tube does a 
dynatron type of oscillator depend? 

Answer. A dynatron oscillator depends upon secondary emission, which gives 
the tube a negative resistance characteristic. The operation of this oscillator re- 
quires the screen grid to be adjusted at about twice the plate voltage so that the 
electrons (secondary electrons) lost to the plate go to the higher positive potential 
grid. This gives the tube a negative resistance characteristic because increases of 
plate voltage decrease the plate current, whereas decreases of plate voltage reduce 
the secondary emission effect, which increases the plate current. The oscillator 
circuit, being a positive resistance and connected in the plate circuit, is in effect 
shunted across the negative resistance tube. When the negative and positive 
resistances balance, making the net resistance zero, then oscillations start; and for 
a greater negative resistance the amplitude of the oscillations builds up accord- 
ingly. 

3.151. Question. What is a multivibrator and what are its uses? 

Answer. A multivibrator is an oscillator consisting of a two-stage resistance- 
coupled amplifier with the output feeding back into the input. The frequency 
depends upon the R and C values of the interstage coupling elements; the 180° 
phase shift in each tube provides the correct regeneration voltage on the grid of 
the input tube. A multivibrator is a form of relaxation oscillator which has the 
unique property of being readily stabilized and controlled by a frequency from 
another source, which may be introduced into its control circuit, usually in the 
grid return of the second tube. If the control frequency, or trigger frequency, is 
slightly higher than the fundamental of the multivibrator it falls in step and 
generates submultiples, or subharmonics, of the control frequency. For example, 
a multivibrator will generate 10-kilocycle harmonics from a control frequency of 
100 kilocycles supplied by a separate oscillator, and 1-kilocycle harmonics from a 
10-kilocycle oscillator or other multivibrator. Hence, a multivibrator is essentially 
a frequency divider, which makes it very useful as a reference in standard fre- 
quency equipment. 

3.152. Question. If a frequency meter having an over-all error propor- 
tional to the frequency is accurate to 10 cycles when set at 600 kilocycles, 
what is its error in cycles when set at 1,110 kilocycles? 

Answer. The error is 18.5 cycles. 


Computation: The error in cycles is proportional to the frequency in kilocycles, therefore 
10: 600:: X : 1,110 
and since the product of the means equals the product of the extremes, we have 


600X = 10 x 1,110 
or 
X = 18.5 cycles 


3.153. Question. What precautions should be taken before using a hetero- 
dyne type of frequency meter? 

Answer. A heterodyne-frequency meter should be allowed to warm up thor- 
oughly before it is used. Also, the operating voltages should be normal, and just 
before it is used the meter should be put in calibration by adjusting it to zero 
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beat. Furthermore, only a pure d.c. should be used for plate supply, and the 
meter should be periodically checked against a calibrated frequency oscillator. 

3.154. Question. What is the meaning of “zero beat” as used in connec- 
tion with frequency measuring equipment? 

Answer. Zero beat is a condition wherein two frequencies are in exact agree- 
ment, and therefore there is no heterodyning action between them. 

Since the frequency of the oscillator of the frequency meter can be read on a 
calibrated dial by first beating the meter to zero to place it in calibration then the 
frequency being measured can also be read on the dial at zero beat. 

3.155. Question. What precautions should be observed by using an ab- 
sorption-type frequency meter to measure the frequency of a self-excited 
oscillator? Explain your reasons. 

Answer. The coupling between the meter pick-up coil and the oscillator should 
be as loose as practicable to give just a readable indication. The reactions between 
coupled circuits affect the frequency so that coupling closer than necessary only 
tends to detune the oscillator and cause error in the reading. 

3.156. Question. If the first speech amplifier tube of a radiotelephone 
transmitter were overexcited but the percentage modulation capabilities of 
the transmitter were not exceeded, what would be the effect upon the out- 
put of the transmitter? 


Answer. Overexcitation in the first amplifier tube would result in severe dis-— 


tortion through the audio stages and in the modulator output which would then 
be carried to the modulated r-f amplifier, thus causing the audio distortion to be 
present in the output wave. 

3.157. Question. What is the purpose of a “preamplifier”? 

Answer. A preamplifier is used to raise the speech level at the source in order 
to provide adequate excitation for a regular amplifier located some distance away. 
For example, a condenser microphone has a low output and requires a small pre- 
amplifier to be mounted within the head, or housing, as a component part. The 
noise-to-signal ratio is improved by a preamplifier which amplifies a signal at its 
source before transmitting it in a line which might pick up interference or noise. 

3.158. Question. What are the advantages of using two tubes in push- 
pull as compared with the use of the same tubes in parallel in an audio- 
frequency amplifier? 

Answer. Distortion is reduced to a minimum by push-pull operation as sug- 
gested by the following advantages: 

(a) Second harmonic component is effectively balanced out. 

(b) Prevention of core saturation of the output transformer. 

In push-pull the plate d-c component flows in opposite directions through each 
half of the primary and, consequently, no flux will be set up with equal values 


of d.c. in each plate circuit. Only the a-c component is required to produce flux 
changes which pass the signal to the secondary. 


(c) Equalization of the output of each tube is obtained with push-pull, when 
excitation is applied. 


This equalizing of the two plate currents is obtained when a cathode bias resistor 
is used without a bypass condenser, because under such conditions of operation the 
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output of each tube (voltage obtained across the resistor applied to each grid) 
has a degenerating effect on itself but a regenerating effect on the other tube. 


(d) Reduced hum ripple component with equivalent filter systems; that is, less 
filtering of the power supply is necessary for a given permissible hum level than 
would be the case with tubes operated in parallel. 

(e) Greater undistorted power output. 

3.159. Question. List four causes of distortion in a class A audio-frequency 
amplifier. 

Answer. Distortion in a class A audio amplifier may be caused by any of the 
following: (1) Improper grid bias; (2) feedback, or regeneration in the amplifier ; 
(3) improper load impedance; (4) overdriving the grid, that is, excessive ex- 
citation voltage. 

3.160. Question. What is the purpose of a bypass condenser connected 
across an audio-frequency amplifier cathode bias resistor? 

Answer. A bypass condenser across the cathode bias resistor of an a-f amplifier 
serves as a low impedance path for the audio component, which results in a better 
low frequency response and prevents degeneration effects which reduce the gain. 
Otherwise, or without the bypass condenser, a single ended audio stage would have 
to be designed to provide a greater gain to offset the effects of degeneration. 

3.161. Question. What are the advantages of using a resistor in series 
with the cathode of a class C radio-frequency amplifier tube to provide bias? 

Answer. The use of a cathode bias resistor in a class C amplifier is a protec- 
tive measure against the plate current rising excessively with possible damage to 
the tube in case the grid suddenly lost its normal bias for any reason. The plate 
current flowing through the resistor supplies approximately cutoff bias which holds 
the plate current down to a safe value if the normal bias were removed, Loss of 
bias might be caused through failure of a separate bias supply, or if grid-leak 
biasing were used the bias would be removed if excitation were interrupted or 
accidently stopped. | 

3.162. Question. How may the generation of even harmonic energy in a 
radio-frequency amplifier stage be minimized? 

Answer. The generation of even harmonic energy in an r-f stage may be 
minimized by operating the stage in push-pull with matched tubes and by the use 
of a Faraday screen. 

3.163. Question. What tests will determine if a radio-frequency power 
amplifier stage is properly neutralized? 

Answer. Neutralization of an r-f amplifier may be checked (1) by tuning the 
plate tank circuit back and forth through resonance sufficiently to note that the 
grid d-c meter does not fluctuate but gives a steady reading since the grid current 
passing through a smooth peak indicates proper neutralization, (2) by removing 
the plate voltage with excitation applied and coupling a suitable r-f indicator to 
the plate tank circuit which will show no r.f. or minimum r.f. when properly neu- 
tralized, and (3) by excessive plate current, which might indicate an unneutralized 
condition. 

3.164. Question. Why is the plate circuit efficiency of a radio-frequency 
amplifier tube operating as class C higher than that of the same tube oper- 
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ated as class B? If the statement above is false, explain your reasons for 
such a conclusion. 

Answer. The statement is true. In the operation of an r-f amplifier the smaller 
the angle of flow of plate current during the excitation cycle the higher will be the 
efficiency. In class C operation the grid bias is adjusted to a value well beyond 
cutoff so that the plate current flows for much less than 180° of the excitation 
cycle, whereas, in class B the bias is adjusted approximately at cutoff and plate 
current flows for at least 180° of the excitation cycle. 

3.165. Question. Why does a class B audio-frequency amplifier stage re- 
quire considerably greater driving power than a class A audio amplifier? 

Answer. The grid is biased at the cutoff point and a grid swing of large ampli- 
tude is necessary to drive the plate current sufficiently high on the characteristic to 
obtain linear operation. In addition, a class B operated tube draws grid current 
which is a loss of power in the grid circuit, which must be supplied by the driver 
stage. 

3.166. Question. Discuss the input circuit requirements for a class B 
audio-frequency amplifier grid circuit. 

Answer. Important requirements in the operation ae a class B audio stage are 
a low impedance input circuit and excellent voltage regulation of the driver stage. 
These conditions should be satisfied because during the time the grids draw cur- 
rent the voltage drop across the grid circuit impedance lowers the amplitude of 
the signal voltage and thus distorts the wave form. Also, the driver stage should 
have very good regulation because the losses in the grid circuit take considerable 
power which must be supplied by the driver stage. In practice a step-down ratio 
is used in the coupling transformer between the driver and the class B stage. 

3.167. Question. When a signal is impressed on the grid of a properly 
adjusted and operated class A audio-frequency amplifier, what me in 
average value of plate current will take place? 

Answer. The average value of the plate current remains unchanged. 

3.168. Question. If the value of capacitance of a coupling condenser in 
a resistance coupled audio amplifier is increased, what effect may be noted? 

Answer. A coupling condenser of a higher capacitance will improve the low 
frequency response of the amplifier. However, if the capacitance is increased too 
much it may cause certain undesirable effects such as motor-boating resulting from 
the change in time period of the grid circuit, which depends upon the R and C 
values. 

3.169. Question. Why does a screen grid tube normally require no neu- 
tralization when used as a radio-frequency amplifier? 

Answer. The capacitive coupling between the «plate and control grid in the 
tube is reduced to such a negligible value by the presence of the screen grid that 
normally there is not sufficient feedback to cause oscillation. 

3.170. Question. What instruments or devices may be used to adjust and 
determine that an amplifier stage is properly neutralized? 

Answer. A simple form of a radio-frequency indicator is a small loop of wire, 
or a small pick-up coil, connected in series with an r-f meter of the thermocouple 
type. However, instead of an r-f meter the indicator could be a neon bulb, or.a 
flashlight lamp. A more sensitive type of indicator consists of the small pick-up 
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coil connected to a vacuum tube detector with a d-c milliammeter in the plate 
circuit for the indicator. The simpler forms of indicators absorb more r.f. and 
therefore require closer coupling to the plate circuit of the amplifier than would 
be necessary when a detector tube-and milliammeter with the pick-up coil is used. 
A grid current meter could be used to check for proper neutralization. 

3.171. Question. What is meant by the term “unity coupling”? 

Answer. “Unity coupling” between a primary and its secondary winding is the 
condition in which all the flux produced by the primary links with the secondary 
turns. 

3.172. Question. Draw a diagram illustrating “capacitive” coupling be- 
tween two tuned radio-frequency circuits. 

Answer. See Figure 61. 


(IMPEDANCE - CAPACITATIVE ) 
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Fic. 61. Example of capacitive coupling between r-f stages. 


3.173. Question. Draw a diagram illustrating “inductive” coupling be- 
tween two tuned radio-frequency circuits. 
Answer. See Figure 62. 
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Fic. 62a. Two types of coupling, inductive and capacitive. 
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Fic. 62b. Three types of coupling, namely, direct capacitive, indirect capacitive, and inductive 
or transformer. 
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3.174. Question. Draw a diagram illustrating “direct” or “Loftin-White” 
coupling between two stages of audio-frequency amplification. 
Answer. See Figure 63. 


a 


Fic. 63. Loftin-White amplifier, basic circuit. 


3.175. Question. List four classes of stations which may be operated by 
a person holding a radiotelephone second-class license. 

Answer. Any station while using type AO, A3, A4, or A5 emission except 
standard broadcast stations, international broadcast stations, or ship stations 
licensed to use power in excess of 100 watts and type A3 emission for communi- 
cation with coastal telephone stations. Four classes of stations which may be 
included in the foregoing rule for which a*radiotelephone second-class license, is 
valid are as follows: 

1. Relay broadcast stations. 

2. Television broadcast stations. 

3. Experimental stations. 

4. Aeronautical stations provided Al or A2 emission is not used. 

(F.C.C. Rules and Regulations 13.61.) 

3.176. Question. List four classes of broadcast stations which may be 
operated by the holder of a radiotelephone second-class operator license. 

Answer. A radiotelephone second-class operator license is valid for operation 
of the following broadcast stations: 

1. Relay broadcast stations. 

2. Television broadcast stations. 

3. Facsimile broadcast stations. 

4, Experimental broadcast stations. 

3.177. Question. May the holder of a radiotelephone second-class oper- 
ator license adjust and service or supervise the adjustment and servicing 
of any class of police radio station? 

Answer. Yes, any class of police radio station except stations using Al or A2 
emission. 

3.178. Question. List four classes of stations, the equipment of which 
may be adjusted and serviced by the holder of a radiotelephone second- class 
operator license. 
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Answer. The stations which may be adjusted and serviced by the holder of a 
radiotelephone second-class operator license include the following: 

1. Relay broadcast stations. : 

2. Television broadcast stations. 

3. Facsimile broadcast stations. 

4. Experimental broadcast stations. 

3.179. Question. List three classes of stations which may not be serviced 
or adjusted by the holder of a radiotelephone second-class operator license. 

Answer. In accordance with the F.C.C. Rules and Regulations 13.61, three 
classes of stations are as follows: 

1. Standard broadcast stations. 

2. International broadcast stations. 

3. Ship stations licensed to use power in excess of 100 watts and A3 emission 
for communication with coastal telephone stations. 

3.180. Question. If an operator is employed at more than one station, 
how may the requirements of the Commission’s Rules and Regulations be 
met with respect to the posting of operator licenses? 

Answer. The holder of a radiotelegraph or radiotelephone first- or second-class 
license who is employed as a service and maintenance operator at stations operated 
by holders of Restricted Operator Permits shall post at such stations his operator 
license or a verified statement from the Commission in lieu thereof. (F.C.C. 
Rules and Regulations 13.75.) 

3.181. Question. Is it necessary that the original operator license be 
posted at an aeronautical station? An aircraft station? An airport station? 
A broadcast station? A ship station? 

Answer. The operator’s license must be posted during the time the operator is 
on duty at aeronautical, airport, broadcast, and ship stations. At aircraft stations, 
either the operator’s license or form 752F must be on the operator’s person at all 
times while on duty. 

3.182. Question. What is a “verification card,” and under what circum- 
stances may it be used? 

Answer. The holder of an operator license who operates any station in which 
the posting of an operator license is not required may, upon filing application in — 
duplicate accompanied by his license, obtain a verification card. This card may 
be carried on the person of the operator in lieu of the original operator license, 
provided that the license is readily accessible within a reasonable time for inspec- 
tion upon demand by an authorized government representative. 

3.183. Question. If a ship-telephone station is assigned the frequency 
of 2,738 kilocycles and the maximum tolerance is 0.04 per cent, what are 
the highest and lowest frequencies within the tolerance limits? 

Answer. The frequency tolerance range is between 2,739.0952 and 2,736.9048 
kilocycles. 

Computation: Given a tolerance of 0.04 per cent and an assigned frequency of 2,738 kilocycles 


means that the frequency is permitted to vary above and below the assigned frequency by 
1.0952 kilocycles, which is found by multiplying 0.0004 by 2,738. 
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3.184. Question. If an aircraft station is assigned the frequency of 3,105 
kilocycles and the maximum tolerance is 0.1 per cent, what are the highest 
and lowest frequencies within the tolerance limits? 

Answer. The highest and lowest frequencies within the tolerance limits are 
3,108.105 kilocycles and 3,101.895 kilocycles, respectively. 


Computation: A maximum tolerance of 0.1 per cent means that the frequency has a range 
on either side of the assigned frequency of 0.001 x 3,105, or 3.105 kilocycles. 


3.185. Question. If a heterodyne frequency meter having a calibrated 
range of 1,000 to 5,000 kilocycles is used to measure the frequency of a 


transmitter operating on approximately 500 kilocycles by measurement of 


the second harmonic of this transmitter and the indicated measurement 
is 1,008 kilocycles, what is the actual frequency of the transmitter output? 

Answer. 504 kilocycles. A second harmonic of 1,008 kilocycles gives a funda- 
mental of 504 kilocycles. 

3.186. Question. Under what conditions may a log not be maintained by 
a radio station in the aviation or emergency service? 

Answer. All stations in the aviation service except aircraft stations must keep 
an adequate log showing (1) hours of operation, (2) frequencies used, (3) sta- 
tions with which communication was held, and (4) signature of operator(s) on 
duty. (F.C.C. Rules and Regulations 9.41.) In accordance with the rules a log 
need not be kept during an emergency but immediately after the emergency the 
log should be made out and verified by an authorized operator present during the 
emergency. An aircraft station not in the public service is not required to keep a 
log at any time. 

3.187. Question. What information must be entered in the radio station 
log of an aircraft station not open to public service? 

Answer. An aircraft station not open to public service is not required to keep | 
a log in accordance with F.C.C. Rule 9.41. 


Note. However, aircraft stations in the public service must keep a log showing (1) hours 
of operation, (2) frequencies used, (3) stations with which communication was held, and 
(4) signature of operator(s) on duty, the foregoing being in accordance with F.C.C. Rule 9. 42. 


3.188. Question. List four entries required to be entered in the radio 
station log of a station in the aviation service. 
Answer. All stations in the aviation service except aircraft stations must keep 


an adequate log showing (1) hours of operation, (2) frequencies used, (3) sta-. 


tions with which communication was held, and (4) signature of operator(s) on 
duty. (F.C.C. Rules and Regulations 9.41.) 

3.189. Question. List four entries required to be entered in the radio 
station log of a station in the emergency service. 

Answer. The rules governing emergency radio services state that each licensee 
shall maintain adequate records of the operation of the station, including (1) hours 
of operation; (2) nature and time of each transmission; (3) name of operator 
on duty at the transmitter. (F.C.C. Rules and Renulauent FO1OP) 


J 


ELEMENT 3 | RADIOTELEPHONE +. 


Note. It is seen that the foregoing rule mentions four entries, namely, (1) hours of opera- 


tion; (2) nature of each transmission; (3) time of each transmission; (4) name of operator 
on duty. " 


3.190. Question. Define the following types of emission: AO, Al, A2, A3, 
A4, AS. 


Answer. The emissions classified as continuous waves, or type A, are as follows: 


Type AO. Waves the successive oscillations of which are identical under fixed 
conditions. 

Type Al. Telegraphy on pure continuous waves. A continuous wave which is 
keyed according to a telegraph code. 

Type A2. Modulated telegraphy. A carrier wave modulated at one or more 
audible frequencies; the audible frequency or frequencies or their 
combination with the carrier wave being keyed according to a tele- 
graph code. 

Type A3. Telephony. Waves resulting from the modulation of a carrier wave 
by frequencies corresponding to the voice, to music, or to other sounds. 

Type A4. Facsimile. Waves resulting from the modulation of a carrier wave 
by frequencies produced at the time of the scanning of a fixed image 
with a view to its reproduction in a permanent form. 

Type A5. Television. Waves resulting from the modulation of a carrier wave 
by frequencies produced at the time of the scanning of fixed or 
moving objects. 


Note. The following defines damped waves, or Type B waves: Waves composed of suc- 
cessive series of oscillations the amplitudes of which, after attaining a maximum, decrease 
gradually, the wave trains being keyed according to a telegraph code. 


3.191. Question. What is the radiotelephone distress signal? 

Answer. In radiotelephony, the distress signal consists of the spoken expres- 
sion MAYDAY (corresponding to the French pronunciation of the expression 
m aider ). 

3.192. Question. What is the radiotelephone safety signal? 

Answer. In radiotelephony, the word SECURITY (corresponding to the 
French pronunciation of the word sécurité), repeated three times, shall be used as 
the safety signal. 

3.193. Question. What is indicated if the signal SECURITY is inter- 
cepted? 

Answer, The safety signal SECURITY announces that the calling station is 


about to transmit a message concerning the safety of navigation or giving im- 


portant meteorological warnings. 
3.194. Question. What is indicated if the signal PAN is intercepted? 


Answer. The urgent signal PAN shall indicate that the calling station has a 


very urgent message to transmit concerning the safety of a ship, an aircraft, or 
another vehicle, or concerning the safety of some person on board or sighted from 
on board. 

In the aeronautical service, the urgent signal PAN shall be used both in radio- 
telegraphy and in radiotelephony to indicate that the aircraft transmitting it is in 
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trouble and is forced to land, but that it is not in need of immediate help. This 
signal should, so far as possible, be followed by a message giving additional 
information. 

3.195. Question. If an operator should intercept the signal PAN trans- 
mitted by radiotelephony, what would he do? 

Answer. The urgent signal PAN shall have priority over all other communi- 
cations, except distress communications, and all mobile or land stations hearing it 
must take care not to interfere with the transmission of the message which follows 
this signal. 


3.196. Question. What are the circumstances under which the safety 


signal should be transmitted by radiotelephony? 

Answer. The safety signal SECURITY announces that the calling station is 
about to transmit a message concerning the safety of navigation or giving impor- 
tant meteorological warnings. 

3.197. Question. In the adjustment of a radiotelephone transmitter, what 
precautions should be observed? 

Answer. The precautions to observe in the adjustment of a radiotelephone 
transmitter have to do mainly with matters concerning interference with other 
stations, the correct frequency of emission, the use of excessive power, and over- 
modulation. In the adjustment of the transmitter make sure that each test emis- 
sion will not interfere with the services of other stations. It is important that 
the transmitter comply in every way with the terms of the station license or permit 
which includes operating only on the assigned frequency and according to the 
power specified. Also, the amount of harmonic radiation and percentage of modu- 
lation should conform to the rules and regulations covering the type of transmitter 
and service involved. 

3.198. Question. Which classes of stations have no power limitations 
prescribed by the Commission? 

Answer. Stations having no power limitations prescribed by the Commission 
are aircraft stations in general and fixed municipal and state police stations oper- 
ting on certain frequencies. 

3.199. Question. If an operator should willfully and maliciously inter- 
fere with any radio communications or signals other than distress, what 
penalties should he be subject to? 

Answer. Any person who willfully and knowingly violates any rule, regulation, 
restriction, or condition made or imposed by the Commission under authority of 
the Communications Act, or any rule, regulation, restriction, or condition made or 
imposed by any international radio or wire communications treaty or convention, 
or regulations annexed thereto, to which the United States is or *may hereafter 
become a party, shall, in addition to any other penalties provided by law, be pun- 
ished, upon conviction thereof, by a fine of not more than $500 for each and 
every day during which such offense occurs. (Communications Act of 1934, as 
amended, Section 502.) 

3.200. Question. Under what circumstances may messages concerning 
the detection or prevention of crime be exchanged by radiotelephone be- 
tween municipal and police radio stations? 
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Answer. Municipal police stations, although licensed primarily for communi- 
cation with mobile police units, may transmit emergency messages to other mobile 
units such as fire department vehicles, private ambulances, and repair units of 
public utilities in those cases which require cooperation or coordination with police 
activities. In addition, such stations may communicate among themselves pro- 
vided (1) that no interference is caused to the mobile service, and (2) that com- 
munication is limited to places between which, by reason of their close proximity, 
the use of radiotelegraph stations is impracticable. Municipal police stations shall 
not engage in point-to-point radio communication beyond the good service range 
of the transmitting station or transmit or handle communications requiring radio- 
telephone relay. Point-to-point communication between stations in the same local 
telephone exchange area is likewise prohibited unless messages to be transmitted 
are of immediate importance to mobile units. (F.C.C. Rules and Regulations 
10.126.) 

3.201. Question. What is the meaning of “a station open to public serv- 
ice’? 

Answer. A station open to public service is a station which handles public cor- 
respondence, paid or toll messages, or provides radiotelephone facilities for the 
use of the general public. 

3.202. Question. Under what circumstances may an aircraft radio station 
call an airport station on 3,105 kilocycles? 

Answer. The use of 3,105 kilocycles is restricted to communications pertaining 
solely to aircraft operation and the protection of life and property. This fre- 
quency is a national and international aircraft calling and working frequency pri- 
marily for use by nonscheduled, or itinerant, aircraft. Contacts with airport con- 
trol stations shall under normal circumstances not be attempted unless the aircraft 
is within the control area of the airport, an area approximately within 30 miles 
or 10 minutes’ flight of the airport. 

3.203. Question. If, upon being called by another station, a called station 
is unable to proceed with the acceptance of traffic without a slight delay, 
what procedure should be adopted by the operator? 

Answer. If the station called is prevented from receiving, it shall reply to the 
call as indicated in the General Radio Regulations, but it shall replace the letter 
K by the signal -—.--- (wait), followed by a number indicating in minutes the 
probable duration of the wait. If this probable duration exceeds 10 minutes (5 
minutes in the aeronautical mobile service), a reason must be given therefor. 

3.204. Question. To what aircraft is an aeronautical station required to 
provide nonpublic service? 

Answer. Aeronautical stations shall provide nonpublic service without discrim- 
ination to all scheduled aircraft the owners of which make cooperative arrange- 
ments for the operation and maintenance of the aeronautical stations which are to 
furnish such service and for shared liability in the operation of stations. In addi- 
tion, this class of station shall provide reasonable and fair service to nonscheduled 
aircraft in accordance with the provisions of these rules. (F.C.C. Rules and 
Regulations, 9.101.) 


» 
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3.205. Question. Is an aeronautical station permitted to transmit mes- 
sages? 

Answer. Yes, an aeronautical station is permitted to transmit messages per- 
taining to aircraft operation and the protection of life and property. Authorized 
messages over aeronautical station circuits are as follows: 

Communications with aircraft. 

Weather. 

Operations pertaining to aircraft in flight. 

Messages relating to aircraft loads. 

Any emergency message relating to aircraft operation not specified above. 
Unscheduled communication with other stations in the aviation service when 
necessary. 

3.206. Question. In what kind of communications may an experimental 
station engage? 

Answer. An experimental station shall not be used to conduct general message 
traffic of any kind, to demonstrate equipment for prospective sales purposes, to 
transmit programs for direct entertainment, to transmit the programs of any other 
station, except in conjunction with experimental programs, or to render any com- 
mercial communication service or communications involving advertising, either 
directly or indirectly, subject to specific limitations and restrictions which will be 
prescribed in individual cases by the Commission. This authority will be granted 
only for special reasons to obtain information or data which give promise of being 
of benefit to the radio art. 

3.207. Question. Under what circumstances will remote control of a 
radio transmitter, other than broadcast, with the operator at a point other 
than the location of the transmitter, be authorized by the Commission? 

Answer. An operator or operators may be on duty at the control station in lieu 
of the place where the transmitting apparatus is located subject to the following 
conditions : 

1. The transmitter shall be capable of operation and shall be operated in accord- 
ance with the terms of the station license. 

2. The transmitter shall be so located and housed that it is not accessible to 
other than duly authorized persons. 

3. The emissions of the transmitter shall be continuously monitored at the 
control point by a licensed operator of the grade specified for the class of station 
involved. 

4. Proper apparatus and methods shall be provided so that the transmitter can 
quickly and without delay be placed in an inoperative condition, in the event there 
is a deviation from the terms of the station license. 

5. The radiation of the transmitter shall be suspended immediately when there 
is a deviation from the terms of the station license. (F.C.C. Rules and Regula- 
tions 2.53.) 

3.208. Question. Under what circumstances may aircraft equipment be 
tested in flight? 

Answer. The licensees of all classes of stations in the aviation service are 
authorized to make such routine tests as may be required for the proper mainte- 
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nance of the station provided that precautions are taken to avoid interference with 
any station. Tests on 3,105 and 6,210 kilocycles using a regular antenna system 
can be made only at such times as no interference will be caused and, if in the 
range of an airport control station or Civil Aeronautics Authority station, only 
after permission is secured from such stations before commencing the tests. 
(F.C.C. Rules and Regulations 9.32.) 

3.209. Question. At all broadcast stations for which a second-class radio- 
telephone license is valid, how often must the frequency of emission be 
checked? 

Answer. The frequency of these stations shall be checked at each time of begin- 
ning operation and as often thereafter as necessary to maintain the frequency 
within the allowed tolerance. (F.C.C. Rules and Regulations 4.2.) 

3.210. Question. Explain the relation between the signal frequency, the 
oscillator frequency, and the image frequency in a superheterodyne re- 
ceiver. 

Answer. The image frequency and the signal frequency are an equal number 
of kilocycles on opposite sides from the oscillator frequency. If the image fre- 
quency is above the oscillator frequency the signal frequency is an equal distance 
below, or it may be the other way around, where the signal frequency is above 
and the image frequency below the oscillator frequency. Therefore, either the 
difference between the image frequency and the oscillator frequency or the differ- 
ence between the signal frequency and the oscillator frequency will give the same 
intermediate frequency. The frequency separation between the image and signal 
frequencies is equal to twice the intermediate frequency. 

3.211. Question. What means are used to prevent interaction between 
the stages of a multistage audio-frequency amplifier? 

Answer. Plate isolation and shielding are used to prevent interaction between 
the stages of a multistage audio-frequency amplifier. Plate isolation is accom- 
plished by using R-C filters consisting of resistors, properly bypassed, connected 
in each plate supply lead, which prevent coupling! through the internal impedance 
of a common B supply. If necessary, decoupling filters are used in grid supply 
leads. Shielding prevents magnetic and electrostatic coupling directly between 
stages. Also, the physical placement of the component parts for minimum reaction 
between them is another consideration. 

3.212. Question. Under what conditions, if any, may a station be oper- 
ated by an unlicensed person or by an operator not holding a license of 
the grade normally required for that station? 

Answer. The actual operation of all transmitting apparatus in any licensed 
radio station shall be carried on only by a person holding an operator’s license in 
such station. However, it is provided that the Commission, if it shall find that 
the public interest, convenience, or necessity will be served thereby, may waive or 
modify the foregoing provisions for the operation of any station except (1) sta- 
tions for which licensed operators are required by international agreement, (2) 
stations for which licensed operators are required for safety purposes, (3) stations 
engaged in broadcasting, and (4) stations operated as common carriers on fre- 
quencies below 30,000 kilocycles. Further provisions give the Commission power 
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to make special regulations governing the granting of licenses for the use of auto- 
matic radio devices and for the operation of such devices. (Communications Act 
of 1934, as amended, Sec. 318.) | 

3.213. Question. For what period of time must a log containing distress 
entries be retained? 

Answer, Logs containing communications incident to a disaster, or which in- 
clude communications incident to or involved in an investigation by the Commis- 
sion and concerning which the licensee has been notified, shall be retained by the 
licensee until specifically authorized in writing by the Commission to destroy them. 
(F.C.C. General Rules and Regulations 2.54.) 
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4.1. Question. A parallel circuit is made up of five branches, three of 
the branches being pure resistances of 7, 11, and 14 ohms. The fourth 
branch has an inductive reactance value of 500 ohms. The fifth branch has 
a capacitive reactance of 900 ohms. What is the total impedance of this 
network? If a voltage is impressed across this network, which branch will 
dissipate the greatest amount of heat? 

Answer. The total impedance is 3.28 ohms and the 7-ohm branch will dissipate 
the greatest amount of heat. 

Solution: The total (or equivalent) impedance of the circuit in terms of admit- 
tance, susceptance, and conductance is expressed by this formula: 


om 1 x i eS , where gp = total conductance, 
Yo Vv go" + bo” bo = total susceptance, 
yo = total admittance, 
Z = total (or equivalent) impedance. 


The total conductance equals the sum of the separate conductances, or 


go = £1 + go + gat ga t+ 85 
} 1 
=e io + ibe 4+ —+0+0 (Branches 4 and 5 are pure reactances and hence 
I RSS: have no conductance.) 


bo = by + be + bg + b4 + bs 


=0+0+0+ fet + aes (Branches 1, 2, and 3 are pure resistances and hence 
X4 Xs have no susceptance.) 


Problem 1. This problem is solved by applying the above formulas as follows: 
(See Figure 64.) 7 


Fic. 64. Problem in a-c circuit theory. 
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Liesl 
f =~ + — + — = 0,143 + 0.091 + 0.071 = 0.305 
ah oS i eae e g 
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yo = V go? + bo? = V (0.305)? + (0.00089)? = 0.305 
Z = — = —— = 3.28 ohms 


Problem 2. Power is dissipated only in the resistive portion of an impedance 
and is always given by 


P=TI°R, where R = a-c resistance, 
I = current. 


In cases where there is no reactance, that is, where the element is a pure resistance, 
the power is also given by 


2 
‘Pr =, or P= EI, where E = voltage across resistance R, 


I = current through resistance R. 


There is no power dissipated in the reactive branches, so by applying the power 
formula with the voltage, E, the same across all branches the power for each 
resistance may be worked out individually. It will be greatest in the branch which 
has the smallest resistance, or the 7-ohm branch. : 

4.2. Question. What is the reactance of a condenser at the frequency of 
1,200 kilocycles if its reactance is 300 ohms at 680 kilocycles? 

Answer. 170 ohms is the reactance of the condenser. 

Solution: Before working out the specific problem we will set down the reason- 
ing which enables us to express the reactance of the condenser at the new frequency. 


Let X, = reactance of condenser at fy 
Xo = reactance of condenser at fo 


1 
Then X; = —— and X_, = ———~ (numerically). The relation of the two react- 
oe 1 2afoC 


ances and the two frequencies is 


Xo 2afoC 1 auf iC ae fi 


De QnfeC a fe 


xX 
Since — = fi , theneX sae 2268 
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In the given problem: 
fe = 1,200 ke, fi= 680 ke, and X, = 300 ohms (capacitive ohms) 
680 


whence Xo = 1.200 X 300 = 170 ohms (capacitive). 


Note. It can readily be shown also that if the inductive reactance of a coil were to be found at 
another (new) frequency the same reasoning would apply, as follows: 
If X, = reactance of a coil at f; (original frequency) and X2 = reactance of a coil at fe (new 


¢ 
frequency), then == fe , or X2 = fe Xi. 
2, ee kl fi 


4.3. Question. If the mutual inductance between two coils is 0.1 henry 
and the coils have inductances of 0.2 and 0.8 henry, respectively, what is 


the coefficient of coupling? 
Answer. The coefficient of coupling is 0.25. ae 


Solution: The formula for mutual inductance is 


1) a VJ L,L2, where L; and Lz are the two inductances 
M is mutual inductance 
K is coefficient of coupling 
Solving for K: | 
M 


LL 


In the problem the values of M, Li, and Lz» are given; hence 


oe = ae = S —— = — = 0).25, coefficient of coupling 
this” VO2xX08 ' V0.16) |'0:4 


4.4. Question. If, in a given a-c series circuit, the resistance, inductive 
reactance, and capacitive reactance are equal magnitudes of 11 ohms, and 
the frequency is reduced to 0.411 of its value at resonance, what is the 
resultant impedance of the circuit at the new frequency? 

Answer. 24.8 ohms. / 

Solution: Refer to the problem in Question 4.2, where it is shown that in going 
from f; to fo, the new frequency, the new capacitive reactance Xe is given by 


xy, ft 
= — x 
2 fs 1 


while the new inductive reactance Xe is given by 
fo Bek, 
Xo = F X41 (See Figure 65.) 
1 


The impedance of the series circuit composed of resistance and reactance iS €X- 
pressed thus: 


Z = VR? + (Xetai)”, where R = circuit resistance, 


Maes CINCtiIt TeacLance. 
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R=l1la 


Xo,=-26.80 


@f=0411 fF 
X,,= +4520 


(a) ~ (b) 


Fic. 65. Problem in a-c circuit theory. 


Now apply the above relations and solve for the given problem. In the problem 


as stated: 
(1) Original circuit with f;, the given values are: 


a 
I 


11 ohms, 
Xe eae ity! ohms, 
Ar = + 11 ohms. 


(2) Circuit when fe equals 0.411 times f;; the values needed to insert in the 
impedance formula are: 


R = 11 ohms (resistance remains the same), 


fi fi 
c = — X, ——— ie ae Sa —11 = 6.8 h ’ 
Main Gla TiAt ee Mo ee eee 
0.411f, . 
ADs =? X:, = j fi (+11) = 4,52 ohms. 
1 1 


Therefore, Xtotal = Xc, + Xt, = —22.28 ohms. Now insert the new total react- 
ance value, — 22.28 ohms, to find Z, thus: 


Z= VR + (Xtal)? = W112 + (—22.28)? = 24.8 ohms 


4.5. Question. How many single-phase wattmeters are required to meas- 
ure the power in a three-phase a-c circuit? Describe how this is done. 

Answer. The following describes the use of two wattmeters to measure power 
_ in a three-phase three-wire system: Connect the two current coils in any two lines. 
To the remaining line connect one terminal of each voltage coil. Each of the 
other terminals of the voltage coils should then be connected to the lines containing 
the corresponding current coils. The power taken by the load is the algebraic sum 
of the two readings. (See Figure 66.) 


Note. It would be possible to use a single wattmeter in a balanced three-phase wye or 
delta connected system. 
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W, CURRENT COIL 


POTENTIAL COIL 


Fic. 66. Wattmeters connected in a three-phase circuit. 
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4.6. Question. If an alternating current of 5 amperes flows in a series 
circuit composed of 12 ohms resistance, 15 ohms inductive reactance, and 
40 ohms capacitive reactance, what is the voltage across the circuit? 


Answer, 138.5 volts. 


Solution: The voltage across a circuit is equal to the current times the magni- 
tude of the impedance, that is, EF = JZ, To apply this formula we must find the 


value of the impedance, Z, since the current, J, is a given value. 


Z, is determined as follows: 
eee tC Xeon) 
Given values to be inserted in above formula, 


where J = 5 amperes, 
& =: 12, ohms, 


Xtotal = Xz + X- = 15 — 40 = —25 ohms. 


Then Z = V12? + (—25)? = V144 + 625 = 27.7 ohms. 


Therefore E = IZ = 5 X 27.7 = 138.5 volts. 


The impedance, 


4.7. Question. A series circuit contains resistance, inductive reactance, 
and capacitive reactance. The resistance is 7 ohms, the inductive reactance 
is 8 ohms, and the capacitive reactance is unknown. What value must this 
condenser have in order that the total circuit impedance be 13 ohms? 


Answer. The reactance of the condenser is 18.95 ohms. 


Solution: The impedance formula is used in the solution of this problem. 


Z=VR + (Xtotai)” 


13. = V7" (Xiota) 
Squaring both sides 
169 = 49 + (Xiotai)” 


(Xea3)° = 120, whence X total = +10.95 
Now Xtotal = Xz + X- = 8+ X-. = £10.95 ohms. 
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The next step is to determine that reactance value for the condenser which will 
give a negative value, since Xtota: is either plus or minus 10.95 ohms, as worked 
out above. This result provides two possibilities, or cases, but only the case giving 
a negative value for capacitive reactance will be the correct one. This part of 
the problem is worked out as follows: 


Case 1. X,+ X,_ = +10.95 ohms. 
If 8+ X, = +10.95, then X, = +2.95, which is obviously impossible. 


Case 2. Xz,+ xX, = +10.95 ohms. 


If 8+ X, = —10.95, then X, = —18.95, which is correct because this value can 
be obtained by the use of a condenser. Therefore 


X, = —18.95 ohms, 
or 18.95 capacitive ohms. 


Note. A problem similar to the one just worked out might be encountered sometime which 
asks for the capacity of the condenser. In this case the frequency should be stated in the 
question. Therefore, if the frequency were given and the capacitive reactance were deter- 
mined as in this example the capacitance value of the condenser could be readily found from 


Xe eyes OnmC = : 
fC" afX< 
4.8. Question. What is the total reactance of two inductances connected 
in series with zero mutual inductance? 
Answer. The total reactance is the sum of the two individual reactances, 
X;-+ Xe, when the mutual inductance is zero. 


Proof: The formula for total inductance is 
Liotai = Li + L2 Se 2M 
In the given problem where mutual inductance, M, is equal to zero, 0, then 


Tistat == VBE ob Ll, 


whence 
Xtota1 = X1 + X2, where Xi and X2 are the individual re- 
actances of the coils. 


eo Ad Wee Note. Since M is equal to zero, it is imma- 
terial whether the coils are aiding or opposing, 
as shown in Figure 67. 


4.9. Question. If an alternating 
voltage of 115 volts is connected 
across a parallel circuit made up of a 
resistance of 30 ohms, an inductive 
reactance of 17 ohms, and a capacitive 
reactance of 19 ohms, what is the total circuit current drain from the source? 

Answer. 3.91 amperes. 

Solution: The first step is to find the current in each branch by applying Ohm’s 
law, thus 


Fic. 67.. Mutual ndctanee. 
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I. ia ee alae 
= 5 = 39 = 3.84 amperes 
Egos 
De ee a, 
Es Senet 77 amperes (lag) 
Pe eRe Oe lead 
cry eee amperes (lead) 


Refer to Figure 68, where the relation between the reactances and the resistance 
is shown vectorially. Therefore, the total current, J,, is given by 


Io ='V Tp? ta ae =F ae 
= V (3.84)? + (—0.72)? 


= W15.27 = 3.91 amperes 


© 
=> 
© 
=> 
aS 
© 


Fic. 68. Problem in a-c circuit theory. 


4.10. Question. When two coils of equal inductance are connected in 
series, with unity coefficient of coupling and their fields in phase, what is 
the total inductance of the two coils? 

Answer. The total inductance is four times the inductance of either coil since 
they are alike. That is, where L is the inductance of each coil the total inductance 
in this problem is 4L. 

Solution: See Figure 67. The formula for total inductance is 


Lote =k Gig Se DIES Shere = RV Ly Ea: 


The conditions in this case are as follows: 
(1) Li = Ly = L, where L is the inductance of each coil. 
(2) k = 1, coefficient of coupling. 
(3) Coils are in series aiding. 
Therefore, Liotta = L1 + L2+ 2M 
=~L+L+2L=4L 
Note that since k is equal to one, 1, and Li and Lz are equal, then M is equal to L, which 


is proved as follows: 
M=kV Ii. =1V2=L 


4.11. Question. If a power transformer has a primary voltage of 4,400 
volts and a secondary voltage of 220 volts, and the transformer has an 


° 4 
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efficiency of 98 per cent, when delivering 23 mialjeake of secondary current, 
what is the value of the primary current? 

Answer. 1.173 amperes. 

Solution: The secondary power is 


Pines ie Piso soo. = 220 XK 23 = 5,060 watts. 


The primary power taking into account an efficiency, Effic., of 98 per cent is 


Picks p00 
Poi = - = —— = §,160 watts 
seen ry ey NGE: ae 
Therefore the primary current is 
fA RRS eT 1 
eis — E = 4,400 = 1.173 amperes ; P 


4.12. Question. Why is it impossible to obtain unity coupling in radio- 
frequency transformers? 

Answer. In radio-frequency transformers it is impossible to obtain unity coup- 
ling because not all of the flux produced by the primary links with the secondary 
winding. Unity coupling would be possible only if every line of force produced 
by a primary winding linked with the secondary winding; in a radio-frequency 
transformer there are leakage lines in the space or air. 

4.13. Question. Three single-phase transformers, each with a ratio of 
220 to 2,200 volts, are connected across a 220-volt three-phase line, primaries 
in delta. If the secondaries are Y-connected, what is the secondary line 
voltage? 

Answer. Secondary line voltage is 3,810 volts. 

Solution: In the working out of this problem we need to know that the voltage _ 
across any pair of secondary lines is Bn to the voltage of a single winding ~ 
multiplied by 1.73; note that V3 4 173.) 

Pri. Phase Voltage = Pfi. see Voltage = 220 volts \ 
and “7 
Sec. Phase Voltage = 2,200 volts 
Therefore Sec. Line Voltage = V3 (2,200) = 3,810 volts. 

4.14. Question. What factors determine the core losses in a transformer? 

Answer. he core losses are due to the following: 

(a) Eddy current losses varying as the square of the frequency. 

(b) Hysteresis losses varying as the 1.6 power of the frequency. 

4.15. Question. What circuit constants determine the “copper” losses of 
a transformer? 

Answer. The “copper” losses are determined by the “hot” resistances of the 
primary and secondary winding or windings. 


Note. For any one winding the “copper” loss is given by 


 P=fR., where I = current, 
R. = “‘hot’’ resistance of winding, 
P = copper loss of winding. 


. 


Mes 
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4.16. Question. Draw a schematic wiring diagram of a three-phase trans- 
former with delta-connected primary and Y-connected secondary. 
Answer. See Figure 69. 


SEC. 


PRI. 


Fic. 69. Three-phase transformer. 


4.17. Question. In a class A amplifier, what ratio of load impedance to 
dynamic plate impedance will give the greatest plate efficiency? 

Answer. For a linear tube, of amplification factor p, plate resistance Rp, voltage 
Fy», and a bias voltage E, = 3Ey,/4py, the maximum efficiency, as well as power 
output, is obtained when the ratio is 2:1. This represents the conditions for a 
practical case. 


Note. The greatest plate-circuit efficiency, however, can be obtained if the ratio is made 
infinite since efficiency increases with the load resistance. Unfortunately, under those condi- 
tions, the power output would be negligible. 


4.18. Question. What factor(s) determine the ratio of impedances which 
a given transformer can match? 

Answer. The turns ratio determines the impedance match. Assuming a trans- 
former with good coupling, that is, close to unity, then 


(Turns ratio) No = ni fs , where N,; = number of primary turns, 
Ni 2p number of secondary turns, 

primary Z to be matched, 

secondary Z to be matched. 


Ng 
Zp 
Zs 


Three other forms of the above turns ratio formula are 


LEN Zp _ Gey Ze 2) 
a= (™)z, or Pa No/? or Pes N, 

4.19. Question. If a transformer having a turns ratio of 10 to 1 works 
into a load impedance of 2,000 ohms and out of a circuit having an imped- 
ance of 15 ohms, what value of resistance may be connected across the load 
to effect an impedance match? 

Answer. The resistance must be 6,000 ohms. 

Solution: See Figure 70. In order to effect an impedance match, the impedance 
to the right of terminals 3-4 must equal 1,500 ohms, that is, 


we - 
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No\ 
Rs4 = (—) xX 15 = 1,500 ohms 


Ni 
Es er ee 
Ser 500 SOOO UR ire 1500 sm OL 000 
1 
fae R = 6,000 ohms. 
Then | 6,000’ 6,000 ohms 


= 


OOQYQY 


Fic. 70. Problem. 


4.20. Question. What is the purpose of effecting impedance matches in 
radio equipment? 

Answer. The purpose of effecting impedance matches in general is to provide 
the greatest transfer of power between pieces of equipment, or between source 
and load, and eliminate reflections at the point of transfer. Also, a proper im- 
pedance match is necessary to prevent standing waves in a transmission line. 

4.21. Question. In a class C radio-frequency amplifier, what ratio of 
load impedance to dynamic plate impedance will give the greatest plate 
efiiciency? 

Answer. See Question 4.17. 

4.22. Question. If a lamp, rated at 100 watts and 115 volts, is connected 
in series with an inductive reactance of 355 ohms and a capacitive reactance 
of 130 ohms across a voltage of 220 volts, what is the current value through 
the lamp? j 

Answer. The current in the lamp is 0.843 ampere. 

Solution: First find the lamp resistance, using formula 1; next the circuit 1m- 
pedance, using formula 2; and last the lamp current, using formula 3, as follows: 

| EP 
(1) (Lamp resistance) R = — ,_ where E, = rated voltage, 
P P 
rated power in watts. 


(2) Z=VR? + (X, + X.)”, where R = resistance (of lamp in this case), 
= 2xfL = inductive reactance, 
X, = 2xfC = capacitive reactance. 


s 
| 


E 
i)" I =—, where E£ = impressed voltage, 
Zz 
= total impedance, 
= current. 
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The above formulas are now used to apply to the given problem: (See Figure 71.) 


feter 157.) 43:230 
(1) R= — = — = —— = 132.3 ohms 


(2) Z = V (132.3)? + (355 — 130)? = V 17,500 + 50,600 = 261 


. peste 220 
3 up oe es a ia 4 
(3) : Zz 261 0.843 ampere 


100 WATTS 
AT 
115 VOLTS 


220 VOLTS 
X,=355a 


Fic. 71. Problem in a-c circuit theory. 


4.23. Question. If an a-c series circuit has a resistance of 12 ohms, an 
inductive reactance of 7 ohms, and capacitive reactance of 7 ohms, at the 
resonant frequency, what will be the total impedance at twice the resonant 
frequency? 

Answer. The total impedance is 15.96 ohms at the double frequency. 

Solution: The new frequency being twice the original frequency will make the 
new inductive reactance twice the original inductive reactance, or 2X; = 2X7 = 
14 ohms. 

Note that the inductive reactance varies directly as the multiplication factor by 
which the frequency is changed; in this case the frequency was increased twice; 
therefore 2 is the multiplication factor. 

However, the new frequency, being twice the original frequency, will make the 
capacitive reactance one-half the original capacitive reactance, because capacitive 
reactance varies indirectly as the multiplication factor; in this case the new 
capacitive reactance is X,/2 = 7/2 = —3.5 ohms. 

Now apply the impedance formula in the usual way, inserting the new X, and 
X, values at the double frequency, and assuming that the resistance, 12 ohms, 
remains the same in each case 


Z= VR? + (Xr — X,)? 
Z = V12? + (14 — 3.5)? = 15.96 ohms 


4.24. Question. In a parallel circuit composed of an inductance of 150 
microhenrys and a capacitance of 160 micromicrofarads what is the reso- 
nant frequency? 


, oo Sa 
ad >. 
*. 
eas, 
%,; 
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Answer. 1,027 kilocycles, or 1.027 megacycles. ‘ 
Solution: Since the resistance is assumed to be negliple, the frequency of 
parallel resonance is the same as that of series resonance, that is, 
‘ 1 0.1592 


ne at eee ten ae Soe , where L = henrys, 
f IV/LC  6.28\/LC VLC C = farads. 


Now convert the given values of L and C into henrys and farads, respectively, 


where L (in henrys) = 150uh X 107° 
and C (in farads) = 160uufd x 10° 
and insert these values in the frequency formula as follows: 
i 0.1592 2s OA5925 5: 01507 cae 


W150 X 107° x 160 X 10-2. 10°/0.0240 +~=—s- 0.0240 


= 1.027 X 10° cycles per second 
or 1.027 megacycles 


Steps not shown in the operation above to simplify the denominator are: 


150 X 10-° X 160 equals V/0.0240 and V/10-2 equals 107°. 


Note. If the resistance of the coil is appreciable, then the frequency of parallel resonance is 
given by 


1 2 
f= ae ‘| 4.28 CRi , Where L = coil inductance, 
2nV LC L Ry = effective resistance of coil, 
C = condenser capacitance. 


: 
also, f = =~ DEG geal phe , Where L and C are as above, and Qry is the coil Q in the vicinity 
2a V LON Dre 


of resonance 


4.25. Question. What value of capacitance must be shunted across a coil 
having an inductance of 56 microhenrys in order that the circuit resonate 
at 5,000 kilocycles? 

Answer. 18.1 micromicrofarads. 

Solution: The formulas needed for this solution are 


1 
= ——=— (assuming R negligible) 
VLC ° 


1 
= (2m) PL (solving for C) 


In the given problem: 


f = 5 X 10° cycles per second, or f? = 25 x 10}2 
and 

L = 56 X 10° henrys. 
Therefore 


4 
i 


ta) 39.5(25 X 10™)56 x 10 = 18.1 micromicrofarads 


e 


¢ 


a 
a 

é 
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4.26. Question. Why may it be desirable to ground all components of a 
speech amplifier at a common point? 

Answer. A speech amplifier will operate with greater stability and troublesome 
coupling effects will be avoided when the circuit elements are balanced to ground. 
This includes grounding center-taps, cores, metal housings, and so on. The use 
of a common ground eliminates the effects of varying ground potentials between 
the components, or in other words, only low potential difference levels exist be- 
tween the circuit elements when terminated at a common point. Usually the 
common point connects to the metal chassis on which the amplifier parts are 
mounted. 

4.27. Question. Why should impedances be matched in speech-input 
equipment? 

Answer. Impedances should be matched to effect maximum transfer of power ; 
to prevent reflections and consequent deviations from flatness in frequency re- 
sponse; to prevent resultant echo effects in long lines. 

4.28. Question. What is the purpose(s) of H or T pad attenuators? 

Answer. The purpose of H or T pad attenuators is to produce a desired de- 
crease or attenuation in power level, while keeping the impedances on either side 
of the pad matched. In this way the loss or attenuation is the same for all 
frequencies in the audio range. '\- gah a\anced > pres ne. 

4.29. Question. Why are grounded center-tap transformers frequently 
used to terminate program wire lines? 

Answer. A program wire line is balanced to ground so that unwanted voltages 
induced in the line by outside influences, or stray fields, are practically balanced 
out. Besides reducing noise picked up by the line, the ground provides a drain 
for any static charges that might also cause noise. A better frequency response 
results with the line balanced to ground. 

4.30. Question. What is the purpose of a “line pad”? 

Answer. The purpose of a “line pad” is to isolate the line amplifier from the 
varying impedance of the telephone line. A pad having an attenuation of 10 
decibels or more has the property of presenting a practically pure resistive im- 
pedance at one pair of terminals regardless of the value or kind of impedance con- 
nected to its other pair of terminals. Thus the “line pad” presents a practically 
pure resistance termination to the line amplifier regardless of how the impedance _ 
of the telephone line varies on the other end of the pad. 

4.31. Question. Why are electrostatic shields used between windings in 
coupling transformers? 

Answer, Electrostatic shields are used to prevent so far as possible the transfer 
of energy through the capacitive coupling between coils. With the capacitive 
coupling almost eliminated, the transfer of energy from primary to secondary is 
then effected principally by magnetic lines of force, or inductive coupling. When 
the coupling is practically entirely magnetic it minimizes the transfer of noises due 
to static and interference pick-up and acts to suppress harmonic transfer in r-f 
transformers. 

4.32, Question. Draw a simple diagram showing four mixers connected 


> 
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in series parallel, using compensating resistors and feeding a balanced load 
with proper matching. 
Answer. See Figure 72. 


ress: 
wor Sf #8 : OUTPUT 
meses: | 


ie Ht 


Fic. 72. Four mixers in series-parallel arrangement. 

4.33. Question. Why is it preferable to isolate the direct current from 
the primary winding of an audio transformer working out of a single 
vacuum tube? 

Answer. The direct current tends to saturate the core and reduce the inductance 
of the primary. This in turn tends to attenuate the low frequencies, as well as 
distort them. 

4.34. Question. Draw a simple diagram of a single stage triode pre- 
amplifier employing direct current isolation of the output transformer 


primary. 
: OUTPUT 


Answer. See Figure 73. 


INPUT 


oe = O+B 
Fic. 73. Illustrating plate d-c isolation. 


4.35. Question. Why are preamplifiers sometimes used ahead of mixing 


systems? 
Answer, The preamplifier raises the level of the signal to a point where sub- 


~m 
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sequent attenuation in a mixer will not reduce it below the minimum required for 
good signal-to-noise ratio. Also, if one signal source has inherently more output 
than another, it is advisable to bring the level of the latter up to that of the former 
before mixing by means of a preamplifier, so that the two “fader” settings on 
the mixer will be more nearly alike. 

4.36. Question. What is the purpose of a variable attenuator in a speech 
input system? 

Answer. The purpose of a variable attenuator is to enable the volume level to 
be adjusted (monitored) so that the system is not overloaded for loud sounds, 
nor the signal “swamped” out by noise when the sound is very weak. 

4.37. Question. In a low-level amplifier using degenerative feedback, at 
a nominal midfrequency, what is the phase relationship between the feed- 
back voltage and the input voltage? 

Answer. The relationship is that of phase opposition, that is, the feedback 
voltage is 180° out of phase with the input voltage. 

4.38. Question. Under what circumstances will the gain-per-stage be 
equal to the voltage amplification factor of the vacuum tube employed? 

Answer. The gain-per-stage will be equal to the gain of the tube only when 
the load impedance is infinite; however, this is a theoretical condition. For a 
practical case, in a resistance-coupled amplifier the gain-per-stage is equal to the 
voltage amplification of the tube. 


Note. The following formula gives the relation between the voltage across the load (gain- 
per-stage) and the voltage amplification factor of the tube: 


Zi 
Voltage across load = —uye, alae ane , where Zz, = load impedance, 
p = plate impedance, 
ues = voltage amplification factor. 


Note that Ejoad = —pes when R, = 0. 


4.39. Question. Why is a high-level amplifier feeding a program trans- 
mission line generally isolated from the line by means of a pad? 

Answer. The use of a pad allows the level of the input to a program line to 
be kept within the required limits, thus preventing overloading the line, which 
might occur if a high-level amplifier were connected directly to the line. 

Further benefits of a pad in this connection are that a more perfect impedance 
match is maintained and the pad, acting as a pure resistance, readily dissipates any 
energy in line reflections so that the reflections do not get back to the amplifier. 
Also, because the pad isolates the line from the amplifier, improved frequency 
characteristics are noticeable, the reason being that the capacitance of the line is 
removed from the plate circuit of the final amplifier stage; if this capacitance were 
left across the line it would act to bypass high frequencies and thus reduce the 
high-frequency response. 

4.40. Question. What is the result of deliberately introduced degenera- 
tive feedback in audio amplifiers? 

Answer. The results of deliberately introduced degenerative feedback in an 
audio amplifier are: 

(a) Frequency response is flattened. 


- 


* 


# 
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(b) Distortion is reduced. 

(c) Signal-to-noise (developed in the amplifier) ratio is improved. 

(d) Gain is stabilized, that is, rendered more independent of line voltage and 
tube variations. 

4.41. Question. What unit has been adopted by leading program trans- 
mission organizations as a volume unit and to what power is this unit 
equivalent? ' 

Answer. The unit recently adopted is the volume unit, or vu. This new stand- 
ard reference level is equivalent to 1 milliwatt in 600 ohms. 


Discussion. The volume unit is the same as the decibel, db, except that it is based on a zero 
reference level of 1 milliwatt (0.001 watt). The adoption by the industry of 1 milliwatt for 
0 db as the calibration of the new reference volume unit removes the confusion which has 
existed for many years when different reference levels were used for calibration. For example, 
one organization used 6 milliwatts and another 12.5 milliwatts as the power level for 0 db. 
The circuit across which the new volume indicator instrument is calibrated has an impedance 
of 600 ohms; thus the power level and the impedance adopted standardizes the volume unit, vu. 


4.42. Question. What is meant by “stabilized feedback’? 
Answer. By “stabilized feedback” is meant inverse or degenerative feedback. 


Note. See answers to Questions 4.37 and 4.40. 


4.43. Question. Why are program circuits, using telephone lines, usually 
fed in at a level of about 12 milliwatts? 

Answer. When the input level to a program line conforms to the telephone 
company requirements it ensures keeping cross talk interference, line noises, and 
distortion at a minimum. For example, if the proper level were exceeded, a 
repeating amplifier would overload and cause distortion, or in a cable carrying 
other lines there would be some interference set up. A level adjusted too low 
might allow the line noises and hum to override the signal and become objection- 
able. 

4.44. Question. What is the purpose of a line equalizer? 

Answer. <A line equalizer is used to introduce a loss at lower frequencies to 
compensate for the loss at higher frequencies which a line causes owing to the 
bypassing effect of its distributed capacity. When properly adjusted, an equalizer 
corrects the high-frequency loss characteristic of a line, which then gives the line 
a flat-frequency characteristic. This means that all frequencies coming out at the 
end of a line are relatively more nearly the same in level as when they entered the 
line. In other words, the “lows” are reduced by the equalizer approximately to 

the same extent that the “highs” are natu- 
rally attenuated by the capacitance in a 
line. There would be marked discrimina- 

| tion in the “highs” if the ordinary line were 
used without an equalizer. 

4.45. Question. Draw a diagram of 
an equalizer circuit most commonly 
used for equalizing wire-line circuits. 

Fic. 74. Equalizer connected in a program Answer. See Figure 74, showing the 
line. parallel type equalizer, 


eS = 


% or Nh 
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4.46. Question. What methods are employed to avoid switching “clicks” 
in switching operations of mixing circuits? . 

Answer. Switching clicks are avoided by using fade-out methods, by arranging 
the switching mechanism so that- when interrupting a circuit an equivalent imped- 
ance is at the same time cut in, so there is no actual open position at switch con- 
tacts, and by the use of preamplifiers ahead of the mixing system. , 

4.47. Question. Why is it generally unnecessary to equalize a short wire 
line program circuit? . = 

Answer, Advantage is taken of the fact that there is reflection in a short wire | 
line due to mismatching. A short wire line naturally has a low impedance but 
the source which energizes the line has a relatively higher impedance. The reflec- 
tions in the line hold up the level of the higher frequencies so that correction is 
not needed as in a long line, which attenuates these frequencies. However, to 
take practical advantage of the reflections in a short line and to avoid the use of 
an equalizer, a short line would be terminated in a transformer having a low 
primary inductance or low input impedance compared with the impedance of the 
line. The low impedance primary, comparing its effect relatively on the high fre- 
quencies and the low frequencies, will offer greater opposition to the “highs” and 
less to the “lows” ; hence, this will favor the high-frequency response and compen- 
sate for high-frequency loss by the line. 

4.48. Question. What will be the probable result if one side of a prop- 
erly terminated telephone line becomes grounded? ! 

Answer. ‘The impedance relations between the line and the termination of the 
line would be upset. Several probable results of improper termination are: 

(a) Loss of power (decreased energy transfer). 

(6) Reflections. 

(c) Incorrect equalization of line. 

(d) Interference increased owing to line noises, cross-talk, and so on. 

4.49. Question. Describe the “vertical” system of transcription record- 
ing. Discuss its advantages and disadvantages. 

Answer. In this system the needle moves up and down in a vertical plane so 
that the depth of the groove varies according to the sound waves. This system 
is also called “hill and dale” recording. 


Advantages: (a) Since a comparatively narrow groove is cut into the record in the vertical 
system it is possible to vary the depth greatly for wide ranges of sound power level and still 
permit a large number of grooves to be cut on the record to increase the playing time. 

(b) The frequency response range of the vertical cutting over the life of the record runs 
much higher than for lateral cutting; this is true because the point of a hard needle, such as 
a diamond, shows practically no wear and continues to fit the groove and follow its wave 
form through many replayings, although the groove itself may show considerable wear in time. 

(c) The fact that the point of the needle always fits the groove, which is triangular in 
shape at the bottom, is a special advantage. 

Disadvantages: (a) A disadvantage in this system is that the weight of the point in cutting 
the impressions in the groove causes friction and this effect being in the same plane, vertical 
plane, as the recording itself results in a greater background of noise. Thus, in the vertical 
system the noise level is comparatively high. 

(b) The grooves wear at a relatively faster rate than in the lateral system. 


- e 
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4.50. Question. What type of microphone employs a coil of wire, at- 
tached to a diaphragm, which moves in a magnetic field as the result of 
the impinging of sound waves? 

Answer. The “dynamic” type of microphone. (See Question 3.44.) 

4.51. Question. What is the most serious disadvantage of using carbon 
microphones with high fidelity amplifiers? 

Answer. The “hissing” sound due to the carbon granules is emphasized and 
becomes objectionable. 

_ 4.52. Question. Why are the diaphragms of certain types of microphones 
stretched? 

Answer. The purpose is to raise the first (lowest) resonant frequency, or 
natural period of the diaphragm, above the audio range, so that within the audio 
range the response is substantially flat. The higher frequencies, being closer to 
the diaphragm resonant frequency, would tend to be emphasized. This condition, 
however, can be obviated by sufficient damping out of this resonance. 

4.53. Question. Describe the “lateral” system of transcription recording. 
Discuss the advantages and disadvantages. 

Answer. In the “lateral” method the needle is supported in a manner that 
allows movement from side to side as it cuts the impressions in the groove, the 
groove being of constant depth. 


Advantages: (a) The low noise level in this system is a distinct advantage. This low 
noise level is due to the free movement of the needle laterally but not vertically ; therefore, 
as the needle rides through a groove its weight causes only a very slight friction on the bottom 
of the groove. That is to say, the vertical movement that would cause noise is very limited 
as compared with the lateral movement that produces the sound wave. 

(b) The comparatively small wear laterally in the grooves with many replayings gives 
this type of recording better high-frequency response over a long period of use of the record 
and high quality reproduction for the first series of playings of the record. 

Disadvantages: (a) A disadvantage lies in the comparatively wide groove which is neces- 
sary to record the varying sound intensity levels and to prevent overlapping or cutting into 
adjacent grooves laterally. 

(b) The wider groove necessarily takes up a greater area on the record and, therefore, 
cuts down the playing time of the record. 

(c) After many replayings the grooves will wear and cause lost motion in the travel of 
the needle back and forth so that the needle will not then follow as accurately the wave form 
of the sound impressions as would the needle in a vertically cut groove under similar condi- 
tions of wear. 


4.54. Question. Draw a simple schematic diagram of a grid bias modu- 
lation system, including the modulated radio-frequency stage. 

Answer. See Figure 75. , 

4.55. Question. Draw a simple schematic diagram of a class B audio 
high-level system, including the modulated radio-frequency stage. 

Answer. See Figure 76. 

4.56. Question. Draw a simple sketch of the trapezoidal pattern on a 
cathode-ray oscilloscope screen indicating low percentage modulation with- 
out distortion. 

Answer. See Figure 77. ‘ 
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Fic. 75. Grid bias modulation. 
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Fic. 76. Plate modulation; either circuit will answer the question. 
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Fic. 77. Trapezoidal patterns. 
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4.57. Question. During 100 per cent modulation, what percentage of the 
average output power is in the side-bands? 

Answer. The side-bands represent 3314 per cent of the average output power. 

Note. Under conditions of 100 per cent modulation the carrier power represents 6624 per 
cent of the total power, since the total power equals the sum of the side-band power and the 
carrier power. 

4.58. Question. - Draw a schematic diagram of test equipment which may 
be used to detect carrier shift of a radiotelephone transmitter output. 

Answer, See Figure 78. 


COUPLED TO 
TANK. OF 
LAST R-F STAGE 


Fic. 78. Circuit for detection of carrier shift. 


4.59. Question. To what value is the d-c grid bias of a “grid bias modu- 
lated amplifier” normally adjusted? 

Answer. It is generally stated that for a grid bias modulated amplifier the bias 
is normally adjusted to 144 to 2 times plate current cutoff value. For certain 
applications the bias adjustment may be 3 times cutoff value. 

4.60. Question. In radio equipment, what use is made of a fluorescent 
screen? 

Answer. The cathode-ray oscilloscope is an instrument which makes use of a 
fluorescent screen. The screen becomes luminous when struck by an electron 
beam, which permits the viewing of wave forms of voltages and currents in circuits 
under investigation. The rapidly moving light beam traces out patterns which 
show visually the characteristics of the energy applied to the plates of the cathode- 
ray tube. These patterns are useful in identifying frequency ratios and the effect 
of phase shift. Other applications are in television equipment. 

4.61. Question. What are the advantages and disadvantages of class B 
modulators? 

Answer. The advantages and disadvantages given below for class B modu- 
lators are based on a comparison with class A operation of modulators. 

Advantages: (a) Higher plate efficiency. (b) Greater power output. (c) Lower power 
consumption. (d) Smaller tubes (less expensive). 

Disadvantages: (a) Greater distortion, particularly for low-level signals. (b) Stage must 
be double-ended, employing two tubes. (c) Large signal driving power to grid is required. 
(d) Power supply for class B must have better regulation because of the steep plate current 
amplitude. 

4.62. Question. Why is frequency modulation undesirable in the stand- 
ard broadcast band? 

Answer. A wider frequency band is required for a frequency modulated, FM, 
signal compared with amplitude modulation, AM, and for this reason only a very 


m 


——— - 
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small number of FM broadcast stations could be accommodated in the present 
standard broadcast frequency band. 

4.03. Question. Describe what is meant by “series modulation.” 

Answer. “Series modulation’. is a system in which the d-c plate circuits of 
the modulator and the modulated r-f amplifier are connected in series. In this 
arrangement the modulator’s plate connects to the cathode of the r-f amplifier with 
the positive high-voltage supply going to the plate of the latter tube and the nega- 
tive to cathode of the modulator tube. This type of modulation finds application 
in European broadcast transmitters, 

_ 4.64. Question. What is meant by “low-level” modulation? 

Answer. The term “low-level” indicates that modulation is produced at a point 
in a system where the power level is low compared with the power level at the 
output of the system. 

4.65. Question. If a preamplifier, having a 600-ohm output, is connected 
to a microphone so that the power output is minus 40 db, and assuming 
the mixer system to have a loss of 10 db, what must be the voltage ampli- 
fication necessary in the line amplifier in order to feed plus 10 db into 
the transmitter line? 

Answer. The voltage amplification is 1,000 for this problem. 

Solution: See Figure 79, which shows that the line amplifier must provide a 
gain of 60 db to give +10 db power output with a power input of —50 db. 


MICROPHONE 
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z= 60DB 
-50+60= +10 
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AT —40DB 


Fic. 79. Problem in voltage amplification. 


Knowing the gain of the line amplifier to be 60 db, we insert this value for 
number of decibels, Nap, in the formula and then find the voltage ratio of the 
voltage out, Eout, and the voltage in, Ejn, as follows: 


Hout 
Nap = 20 log —— 


1 OF 
60 = 20 log out Alternative method to avoid use of a neg- 
in ative exponent. 
Pant Fy, 1 1 
3 = log — Sharh SC ogi bags a 
Fin Boat 102-0"? 1,000 
out a Egat 
—— = log 3 = 1,000 —— = 1,00 
e:. - gaa : 
Therefore Fou; = 1,000 E;n. Therefore Fou, = 1,000 Ein. 
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4.66. Question. If the power output of a modulator is decreased from 
1,000 watts to 10 watts, how is the power loss expressed in db? 

Answer. The power loss is 20 db, or it may be written —20 db to indicate Joss. 

Solution: To find the number of decibels, Nap, with the power ratio a given value, 
apply the db formula for power ratio as follows: 


Po 
Nav = 10 log — 
db iced 
1,000 10? Z 
Naps= 10dog = =10X—, =10X-=2 
db 0§ 0 X Foi x7 0 db 


The steps in the reasoning which apply to this problem are as follows: The power 
ratio is 1,000/10 = 100; the log of the number 100 is 2, that is 100 = 10? (the 
power to which 10 must be raised to equal 100 is the log) ; from the formula the 
number of decibels, Nap, is equal to 10 times the log of the power ratio, or 
10362 S820iedb. , 

4.67. Question. In a modulated amplifier, under eine circumstances will 
the plate current vary as read on a d-c meter? 

Answer. Plate d-c variations would most likely be due to overmodulation or 
excessive r-f{ excitation if the modulated amplifier stage itself were in proper 
adjustment. A number of other possibilities are insufficient grid bias, improper 
neutralization, improper adjustment of load impedance, unbalanced modulator, a 
defective tube, or conditions causing either positive or negative carrier shift. 


Note. A very slight fluctuation of the plate d.c. is permissible in a class B or class C 
modulated amplifier, depending upon the nature of the signal, but for class A operation the 
fluctuation of plate current indicates distortion. 


4.68. Question. What could cause downward deflection of the antenna 
current ammeter of a transmitter when modulation is applied? 

Answer. The following gives a number of possibilities which could cause 
downward deflection, or downward “kick,” of the antenna ammeter : 


(a) Insufficient r-f excitation of the amplifier. 

(b) Poor regulation of plate power supply, or low plate voltage. 
Poor regulation would make the plate current crests less than normal but 
the troughs would be just as low and therefore the average plate current 
would be less. 
Poor regulation might also reduce plate voltage on the previous stages 
and therefore reduce excitation voltage. The cause of poor regulation 
of the plate d-c supply might be an open filter condenser in the power 
supply, or insufficient output capacity in the filter. 

(c) Overloading or distortion in the audio system. 
Unsymmetrical modulating voltage wave. 

(d) Improper adjustment of load impedance. 
The r-f amplifier plate d-c resistance acts as a load on the modulator, and 
this load impedance might be too high or too low. 

(e) Low filament voltage, or a weak tube having low emission. 
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If, for one reason or another, the peak filament emission is low then 
large positive grid potentials cannot increase the space current enough to 
supply both the grid and plate. 

_(f) Insufficient grid bias voltage. 
Insufficient bias would probably cause a condition similar to (e), and in 
addition the plate might overheat owing to approximation of class A 
operation, that is, because of low efficiency. 

(g) Improperly tuned tank circuit, or tank circuit C may be too low. 
Poor tuned tank circuit might cause downward deflection because the 
plate current amplitudes are large and, therefore, the JR drop in the 
plate voltage supply would be greater than normal; hence, conditions in 
(6) would result. 


4.69. Question. Under what conditions of operation of a class B linear 
amplifier will the plate dissipation be a maximum? 

Answer. In a radio-frequency class B linear amplifier the plate dissipation is 
maximum with no modulation, because the plate current, /,, is constant. In terms 
of plate efficiency, the plate efficiency is lowest at zero modulation and will be 
highest at 100 per cent modulation. 

Note. In an audio-frequency class B linear amplifier the plate dissipation varies directly 
with the signal level. 

4.70. Question. If 100 per cent modulation is obtained with an input 
level of 60 db, what percentage of modulation will be obtained when the 
input level is 45 db? 

Answer. Approximately 17.8 per cent modulation is obtained for an audio 
input level of 45 db. 

Solution: In this problem the difference between the given input levels, or 
60 — 45 = 15 db, can be used to find the voltage ratio of the two inputs as 
follows: 


N 201 i 
= O aa 
db 2 
Fy 
15 = 20 log — 
: 48 EF, 

i raat 
or, log EB, ~ 20 0.7 


Since the antilog of 0.75 is 5.63, then 


= = 5.63, the audio input voltage ratio 

2 

Since modulation percentage is in direct proportion to audio input voltage it fol- 
lows that the two modulation percentages (one given at 100 per cent and the other 
to be found) are proportional to their voltage ratio, hence 


100 per cent 


= 17.8 per cent modulation 
5.63 


156 HOW TO PASS RADIO LICENSE EXAMINATIONS ELEMENT 4 


4.71. Question. When the light flashes on the panel of the modulation 
monitor, what is indicated? 

Answer. The indicator light flashes as a warning that the modulation percentage 
for which the indicator has been set has been exceeded. If the modulation monitor 
had been set for 100 per cent the light flashes would indicate excessive peaks or 
overmodulation on peaks. 

4.72. Question. Why is it desirable to maintain a comparatively high 
percentage of modulation in a radiotelephone transmitter? 

Answer. A comparatively high percentage of modulation increases the useful 
transmission range or service area of the signal. At higher modulation levels there 
is a greater amount of power represented in the side-bands, or audio component, 
which convey the intelligence. Other benefits are that when a carrier is modulated 
sufficiently the carrier frequency interference area is reduced, and, also, as a carrier 
is modulated more fully there is a corresponding increase in the over-all efficiency 
of the transmitter. 

4.73. Question. If tests indicate that the positive modulatian peaks are 
greater than the negative peaks in a transmitter employing a class B modu- 
lator, what steps should be taken to determine the cause? 

Answer. A check-up should be made of the dollowing - 

(a) Check grid bias voltage. 

(b) Audio drive to modulator grids may be too high; check for overmodulation. 

(c) Check emission of each modulator tube; each half of a push-pull stage 
should be balanced and doing equal work. 

(d) Recheck tuning of the modulated amplifier plate tank circuit; insufficient 
plate tank C might cause this trouble. 

(e) Improper neutralization. 

4.74. Question. In a properly adjusted grid bias modulated radio-fre- 
quency amplifier, under what circumstances will the plate current vary as 
read on a d-c meter? 

Answer. Overmodulation, or excessive audio drive, will cause this condition. 

4.75. Question. What percentage increase in average output power is 
obtained at 100 per cent sinusoidal modulation as compared with average 
unmodulated carrier power? 

Answer. The increase in average output power is 50 per cent. 

4.76. Question. In a class C radio-frequency amplifier stage feeding an 
antenna system, if there is a positive shift in carrier amplitude under modu- 
lation conditions, what may be the trouble? . 

Answer. Causes of positive carrier shift are included in the following: 

(a) Overmodulation. | 

(b) Improper neutralization. 

(c) Plate tank circuit C too low. 

(d) Insufficient r-f grid drive. 

(e) Parasitic oscillations. 

(f) Improper resonant conditions between antenna and final plate tank circuit. 

4.77. Question. Name four causes of distortion in a modulated amplifier 
stage output. 
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Answer, Four causes of distortion in a modulated amplifier output stage are 
as follows: 

(a) Overmodulation. 

(b) Excessive r-f excitation, or overdrive. 

(c) Improper load impedance match between modulator and modulated ampli- 
fier stage. 

(d) Incomplete neutralization, or the presence of parasitic oscillations. 

4.78. Question. Under what operating conditions will the efficiency of a 
grid bias modulated radio-frequency amplifier be a maximum? 

Answer. The efficiency for grid bias modulation depends upon the percentage 
of modulation, the efficiency being highest on peaks at 100 per cent modulation. 


Note. During a small part ofthe excitation cycle the grid may be driven positive, causing 
it to draw current and at this peak the efficiency is a maximum. 


_ 4.79. Question. If the plates of a class B modulator suddenly showed 
color, without excitation, what could be the cause? 

Answer. Overheating of the plates would indicate excessive plate current, 
which could be caused by loss of bias, or insufficient bias, or if this were not the 
reason the trouble most likely would be due to feedback causing oscillation in 
the stage. 

4.80. Question. If you decrease the percentage of modulation from 100 
to 50 per cent, by what percentage have you decreased the power in the 
side-bands? 

Answer. The power in the side-bands is decreased 75 per cent. 


Explanation. The power with modulation is equal to the power of the carrier plus the 
power in the side-bands. This statement for any percentage modulation is expressed as follows: 


2 
P (with modulation) = (1 + = x P (carrier, or without modulation) 


er ee | 
PEI IOE ; 


From this relation we also get ——— 
— * Pearrier | 


de side-bands — 
2 


Hence a can be used in a problem of this kind to determine the relation between the difference 


in percentage modulation and the corresponding difference in side-band power. The letter m is 
es modulation factor, used as follows: for 100 per cent modulation m = 1, and for 50 per cent 
za AS; 
m 
Solution: Apply ; for each case. 


Case 1. For 100 per cent modulation the side-band power, Pp, to be expressed 
in per cent is found as follows: 


and to express the value 0.5 in per cent we multiply 0.5 by 100, which equals 50 
per cent. Thus, 50 per cent is the percentage of power in the side-bands at 100 
per cent modulation. 
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Case 2. For 50 per cent modulation the side-band power, Psp, also to be ex- 
pressed in per cent, is found in a similar manner ; thus 
in 0 Soe 0.25 
2 


= 


poo 
P 2 2 


and this value given in per cent is 0.125 x 100 = 12.5 per cent. Hence, 12.5 per 
cent is the percentage of power in the side-bands at 50 per cent modulation. 

The last step in working out this problem is to determine that a change in the 
side-band power from 0.5 (50 per cent) to 0.125 (12.5 per cent) represents a 75 
per cent reduction. Since 50 + 12.5 = 4, it is seen that the smaller value is one- 
fourth of the larger one, and therefore the latter must be three-fourths of the 
whole. 

4.81. Question. If a certain audio-frequency amplifier has an over-all 
gain of 40 db and the output is 6 watts, what is the input? 

Answer. The input is 0.6 milliwatt. 

Solution: The number of decibels, 40 db, equals 10 times the log of the ratio of 
the two powers, where ~ is the input power in this problem. 


Nap 0 log ay 


6 6 
40 = 10log—-, or log~= — 
x x 
Hence, the log of the power ratio is 4, or 
6 
16S == 14 
% 


and the antilog of 4 is 10* = 10,000, then 


ec = 10,000 
x 
therefore 
6 : 
Hie 10,000 = 0.0006 watt, or 0.6 milliwatt. 


Note. The question might be interpreted to require finding the input in terms of decibels, or 
db input level, and again the same formula would be applied; thus 


ON 2 ee 
Glo) == ips 


Substituting the two known power levels 


6 
Nap = 10 log — = = 10 los 100011 3.= 
db © 0 006 X log 1,000 OX 30 db 


Since the over-all gain minus the output equals the input 


40 — 30 = —10 db, the audio input level 
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4.82. Question. What is the purpose of a Faraday or electrostatic shield 
between the final tank circuit and the antenna circuit of a transmitter? 

Answer. A Faraday screen is used to suppress harmonic energy from reaching 
the antenna and being radiated. The screen effectively reduces the capacity coup- 
ling between the coils through which harmonic frequencies pass through from the 
final tank to the antenna. The normal coupling and normal signal transfer are 
by means of the magnetic lines. If the shield is made of conductors they should 
be run perpendicular to the plane of the coils to prevent eddy current losses. 

4.83. Question. If the field intensity of 25 millivolts per meter develops 
2.7 volts in a certain antenna, what is its effective height? 

Answer, 108 meters. 

Solution: The problem is one in proportion. If the total voltage is 2.7 volts and 
for each meter the intensity is 25 millivolts, or 0.025 volts, then if we divide 2.7 
by 0.025 we get the number of meters across which the 2.7 volts is developed. 
Hence, 2.7 — 0.025 = 108 meters. 


Note. The problem can be stated as a proportion, thus: The total voltage is to the voltage 
across a section as the total height is to the length of that section, or 


ZAG0 02500 os Laneter 
The product of the means equals the product of the extremes, or 


Dl od = 025 


O:O2 5 207 
therefore, 
Lee ewig t imately 355 feet 
oe Wi oO meters, or approximately ee 


4.84. Question. Draw a schematic diagram of a final amplifier with capac- 
ity coupling to the antenna which will discriminate against the transfer of 
harmonics. 

Answer, See Figure 80. 


CAPACITATIVE 
COUPLING 


Fic. 80. Coupling condenser is common to both plate tank circuit and antenna. 


4.85. Question. In what units is the field intensity of a broadcast station 
normally measured? 

Answer. Radio field intensity is usually expressed in microvolts per meter or 
millivolts per meter. 
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4.86. Question. Draw a simple schematic diagram showing a method of 
coupling the radio-frequency output of the final power amplifier stage of 
a transmitter to a two-wire transmission line, with a method of suppression 
of second and third harmonic energy. 

Answer. See Figure 81. 


FARADAY 
[ SCREEN 
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Fic. 81. Transmission line with harmonic suppression. 


4.87. Question. Describe a method of determining “antenna resistance.” 

Answer. Two readings of the antenna current are taken, one with and one 
without a known resistance, R;, in series with the antenna. The antenna resistance 
in ohms is obtained from the formula 


I : se ae 
leek G = ) xX Re, where J = antenna current with R; short-circuited, 
We I, = antenna current with R; in the circuit. 


In making the measurement it is necessary to couple the oscillator loosely to the 
antenna and maintain the current in the oscillator constant. 


Note. The method described above is from the Institute of Radio Engineers Standards, 
Section 5, Antenna Resistance. This section covers IRE standards on methods of measure- 
ment and tests. 


4.88. Question. An antenna is being fed by a properly terminated two- 
wire transmission line. The current in the line at the input end is 3 am- 
peres. The surge impedance of the line is 500 ohms. How much power is 
being supplied to the line? 

Answer. 4,500 watts. 

Solution: With proper termination the antenna resistance, R, equals the surge 
impedance, Zo, of the line, or 500 ohms. Therefore, insert the given values in 
the power formula as follows: 


Power into line = /?R = 3? < 500 = 4,500 watts, or 4.5 kilowatts 
(plus line losses which are usually negligibly small) 
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4.89. Question. If the daytime transmission line current of a 10-kilowatt 
transmitter is 12 amperes, and the transmitter is required to reduce to 5 
kilowatts at sunset, what is the new value of the transmission line current? 

Answer. 84/7 amperes. 

Solution: Apply the power formula, P = J?R, but first applying it in the form 
to find the line impedance, FR, and secondly, in the form to find current, J. 

To find the resistance: 


To find the new value of J at the new power, 5,000 watts 


| P [5,000 eS 
R 60.5 fi 7 amperes 


4.90. Question. If the antenna current is 9.7 amperes for 5 kilowatts, 
what is the current necessary for a power of 1 kilowatt? 

Answer. 4.33 amperes. 

Solution: (The preceding question is similar to this one.) 
First, find the resistance of the antenna. 


Ria ert oye Ohms 


Second, find the current. 


ray Va - 4.33 
=VR 53.9 ~ 4-39 amperes 


4.91. Question. What is the antenna current when a transmitter is deliv- 
ering 900 watts into an antenna having a resistance of 16 ohms? 

Answer. 7.5 amperes. 

Solution: Apply the power formula, P = [?R, but in the following form, 


il 900 
d= ce Nae = 7.5 amperes 


4.92. Question. If the daytime input power to a certain broadcast station 
antenna having a resistance of 20 ohms is 2,000 watts, what would be the 
nighttime input power if the antenna current were cut in half? 

Answer. The nighttime input power would be 500 watts. 

Solution: Apply the power formula first to find the current at the original power, 
2,000 watts, so that this current value may be halved and applied again in the 
power formula to find the new power. To find the current, J, for 2,000 watts: 


je 2,000 
ee =v 100 = 
R oa 0 amperes 


To find the new power at half the above current value, or 5 amperes 


Poe fie O° 20 = 25X20 = 200 watts 
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Note. An alternative method for solving this problem is to consider that the. 
power varies as the square of the current; therefore, if the current is reduced one- 
half, the power is reduced one-fourth, that is, the original power of 2,000 watts 
is reduced one-fourth, which is 500 watts, the same answer. Here the value of 
the antenna resistance is not needed, although it is given in the statement of the 
question. 

4.93. Question. The d-c input power to the final stage is exactly 1,500 
volts and 700 milliamperes. The antenna resistance is 8.2 ohms and the 
antenna current is 9 amperes. What is the plate efficiency of the final 
amplifier? 

Answer. The plate efficiency is 63.26 per cent. 

Solution: The problem calls for finding the input power and the output power 
since plate efficiency equals power out divided by power in. 


Input power: P= IE = 0.7 X 1,500 = 1,050 watts 
Output power: P=/°R = 9? X 8.2 = 664.2 watts 

| Piet R664 

Plate efficiency: a = 0.6326, or 63.26 per cent 


| ee Be AOS 
4.94. Question. If the power output of a broadcast station is quadrupled, 
what effect will this have upon the field intensity at a given point? 
Answer, The field intensity would be doubled. 
Solution: The point to note in this problem is that field intensity is measured in 
microvolts per meter or millivolts per meter, and therefore we are interested here 
in knowing how much the voltage changes for a given signal which is increased 


four times in power. According to E = \/PR, the voltage varies as the square 
root of the power. Hence, 4 times the power means the voltage is increased 2 
times. The resistance, R, remains unchanged. 

4.95. Question. The ammeter connected at the base of a Marconi antenna 
has a certain reading. If this reading is increased 2.77 times, what is the 
increase in output power? 

Answer, The power output is increased 7.67 times. 

Solution: According to P = I?R, the power varies as the square of the current; 
therefore, if the current is increased 2.77 times, the power is increased (2: foe 
times, or 7.67 times. 

4.96. Question. If the power output of a broadcast station has been in- 
creased so that the field intensity at a given point is doubled, what increase 
has taken place in antenna current? 

Answer, The antenna current is increased two times. 

Solution: If the signal is doubled in intensity at a given point the voltage which 
produces the signal is also doubled; field intensity is usually measured in millivolts 
per meter. Since the current is directly proportional to voltage the current is 
increased twice when the voltage is doubled and the resistance remains unchanged. 
This is a simple application of Ohm’s law, where J = E/R. 

4.97. Question. If a transmitter is modulated 100 per cent by a sinusoidal 
tone, what percentage increase in antenna current will occur? 

Answer, The antenna current increases 22.5 per cent. 
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Solution: The effective current, or r.m.s. value, eee upon the percentage of 
modulation in accordance with oe 
2 
m 
mee 
2 


The amount of change of antenna-currentfor ‘different percentages of modulation 
can be found from the above relation. In this problem m = 1, since the modu- 
lation factor is 1 for 100 per cent. Solving for current, J, we get 


ge ene 
A afr 1+7>- V1.5 = 1.225 


and, therefore, the current at 100 per cent modulation is 1.225 times the current 
with no modulation. However, the question calls for percentage increase in cur- 
rent; or, in this case, 1.225 times a certain value of current is equivalent to a 22.5 
per cent increase. 

Alternative method. It is possible to reason this problem another way. Let a 
certain power, say 1, when unmodulated be increased 50 per cent, or 0.5; then at 
full modulation the total power will be 1.5, that is, the total power equals the sum 
of the carrier power and the side-band power. Since current varies as the square 
root of the power, the current in this problem will equal the square root of 1.5, 


or J = V1.5 = 1.225 times increase. The percentage increase is 22.5 per cent. 

4.98. Question. What is the ratio of the currents at the opposite ends of 
a transmission line, 144 wavelength long, and terminated in an impedance 
equal to its surge impedance? 

Answer. The ratio of the currents at opposite ends of the transmission line is 
1:1, that is, the currents have the same value. 

Discussion. The following conditions hold with regard to the transmission line involved 
in this problem: 

(a) There are no reflections and no standing waves on the line. 

(b) The signal power is merely attenuated owing to negligible losses of the line, the losses 
increase with increased length of line, and the current is the same all along the line. 

(c) The line looks like an infinitely long line to the source, or “generator” supplying the 
line. 

(d) The line is like a pure resistance without reactive effects. 

4.99. Question. The power input to a 72-ohm concentric transmission 
line is 5,000 watts. What is the peak voltage between the inner conductor 
and sheath? or 

Answer. The peak voltage is 846 volts. 

Solution: Apply the power formula to find £, since P and F are given values. 


2 


pee Of t= 


Insert the given values and solve; thus 
E = VPR = V5,000 X 72 = V/360,000 = 600 volts, rms. 
To find the peak value, multiply r.m.s. value by 1.41, or 
Epeak = 600 X 1.41 = 846 volts 
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4.100. Question. A long transmission line delivers 10 kilowatts into an 


antenna; at the transmitter end the line current is 5 amperes and at the 
coupling house it is 4.8 amperes. Assuming the line to be properly termi- 
nated and the losses in the coupling system negligible, what is the power 
lost in the line? 

Answer. The power lost in the line is 875 watts. 

Solution: With proper line termination the line resistance equals the antenna 
resistance. ‘Therefore, apply the power formula to find R, or 


ee) Re BO iiic 


(2) Now find the power at the zmput to the line. Since line J and line R are 
known, 


P=IR = 3? x 435 = 10,875 watts, input power to line 
(3) The power lost in the line equals power in minus power out, or 
Pin — Pout = 10,875 — 10,000 = 875 watts 


4.101. Question. The power input to a 72-ohm concentric line is 5,000 
watts. What is the current flowing in it? 

Answer. 8.3 amperes. 

Solution: The current is found by applying the power formula, P = J?R, in 
terms of current, J; thus 


P [5,000 ae 
Yea Ae = a5 = V 69.44 te amperes 


4.102. Question. What is the primary reason for terminating a transmis- 
sion line in an impedance equal to the characteristic impedance of the line? 

Answer. Proper termination of a transmission line is necessary to eliminate 
standing waves, that is, to eliminate reflections and prevent radiation from the 
line, thus reducing losses in the line and effecting a maximum transfer of power 
to the antenna. 


Discussion. 

Transmission lines. The usual practice is to employ two conductors or wires to transfer 
electrical energy from the source or generator to the load. The properties of conductors used 
for such purposes have been the subject of investigation for many years and it is well known 
that when the conductors, called “transmission lines,” are long they affect the transfer of 
the a-c energy more than ordinarily would be expected. It was found that if the length of 
a line approached an appreciable fraction, % or more, of a wavelength of the a-c signal being 
passed or transferred, certain unusual properties became evident. The expression “long line” 
is a relative one which depends upon the application. For example, a telephone line of a 
few kilometers in length becomes a long line or transmission line, whereas, a length of a few 
meters is a long line at high radio frequencies, and a few centimeters constitutes a long line 
at ultra-high frequencies. 

A transmission line possesses the properties of inductance, L, and resistance, R, along its 
length, and capacitance, C, and admittance, G, between the conductors. This statement may 


1 
i 
q 
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be represented pictorially by the diagram in Figure 82. Usually R and G are very small and 
may be neglected. It is possible to represent this rather involved circuit simply by a resistance, 
Ro, equal in value to the square root of the ratio of the line inductance to the line capacitance, 


or in mathematical terms, 
Rye Ae 
CG 


It has also been found that if the load connected to the end of this line does not equal the 
resistance, Ro, then “reflections” and “standing waves” will exist. This means that energy 
traveling down the line will divide at the load, some going into the load and some being 
reflected back along the line to the source or generator. Such a condition is undesirable, 
since it means low efficiency and the existence of unexpectedly high voltages at points along 
the line. For these reasons a transmission line connecting an antenna to a transmitter is 
always “properly terminated” at the antenna, that is, the antenna coupling circuit is adjusted 
or tuned so that the antenna seems to have the value Ro to the transmission line. With the 
proper adjustment the transmission line and its load look like a simple resistance, Ro, to the 
transmitter. Therefore, a circuit consisting of a source or transmitter, a transmission line, 


L ae L PR. 

rege) S ore OQ OQ ore O------O on 
= < 
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Fic. 82. Equivalent of a transmission line. 


and an antenna which would be very complex and difficult of analysis if improperly adjusted, 
becomes quite simple with proper adjustment. 

Since a transmission line plus antenna are equivalent to a pure resistance the usual problems 
dealing with such circuits are simplified to a direct application of Ohm’s law and the power 
formula. For example, if the current flowing into a 600-ohm, Ro, line is 5 amperes, the power 
into the line is 15 kilowatts by the power formula, or P = I°R. 

Power Loss in the Transmission Line. It was previously stated that the series resistance 
along the line usually is negligibly small. This statement is true for the development of the 
formulas which are approximately true. However, R does have some value and does cause 
some power loss. In the example just given most of the 15-kilowatt input would be delivered 
to the antenna, and some of it would be lost in the line. In this example there is still an 
apparent resistance at the transmitter of 600 ohms and 600 ohms at the terminating or antenna 
end of the line, but the current at the antenna end will be something less than 5 amperes. 
Thus, suppose the current at the antenna end of the line is 4.8 amperes, the power to the 
antenna will be 4.8 squared times 600, or 13.824 kilowatts, so that, evidently, 1.176 kilowatts 
of energy is lost in the line owing to the resistance. 

In present-day antenna systems the transmission lines frequently are “coaxial lines,” that 
is, one conductor is a wire or small pipe and the other is a larger pipe completely surrounding 
the smaller. The term coaxial, or concentric, is used because the pipes or conductors have 
the same center. Such lines are superior electrically to the older type lines consisting of 
parallel wires because of the greatly diminished importance of temperature and moisture and 
the fact that the outer conductor may be at ground potential along its length. 

The value of Ro is called by various names, such as, surge impedance, or characteristic m- 
pedance, or iterative impedance. It may be calculated for both parallel-wire and concentric 
lines by the formula 
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Ro = k logio f , where k = 276 for the open wire line, 
3 b = distance between conductors, center-to-center, 
a = radius of a conductor, in the same unit of length as b. 
k = 138 for the concentric line, 
6 = inner radius of the outer conductor, 
a = output radius of the inner conductor, in the same unit of length as }, 
Ro = characteristic line impedance in ohms. 

4.103. Question. In general what type of antenna is most suitable for 
broadcast stations? 

Answer. In general the vertical type radiator is most suitable for broadcast 
stations. Some stations operate with a % wave vertical, or approximately 4% wave, 
while many use a 44 wave vertical radiator. 

4.104. Question. If a vertical antenna has a resistance of 500 ohms and 
a resistance of zero at its base and antenna power input of 10 kilowatts, 
what is the peak voltage to ground under 100 per cent modulation? 

Answer. 4,465 volts. 

Solution: Without modulation the antenna power is 10 kilowatts and therefore 
at 100 per cent modulation the peak power is 4 times 10 kilowatts, or 40 kilowatts. 
Apply the power formula in terms of E, where E = \/PR, and insert the given 
value for antenna resistance, 500 ohms, and power, 40 kilowatts. 


E = VPR = V 40,000 X 500 = 20 x 10° 
= V20 X 103 = 4.465 X 103 = 4,465 volts 


4.105. Question. If a vertical antenna 405 feet high is operated at 1,250 
kilocycles, what is its physical height, expressed in wavelengths? (One — 
meter equals 3.28 feet.) 

Answer. The physical height is 0.516 wavelength. This antenna is approxi- 
mately a 44 wave vertical radiator. 

Solution: This problem requires changing the given values to their equivalents 
in “meters” and then comparing them. First step is to convert kilocycles to wave- 
length in meters, thus 

= j , Or wavelength (meters) = eet = 240 meters 
Second step is to convert the given antenna height, 405 feet, into meters and since 
1 meter equals 3.28 feet, then 


405 


he 124 meters, height of antenna 


Now compare one wavelength, 240 meters, to the height of the antenna, 124 meters, 
and we get 
124 


=/0:516 h 
740 wavelengt 


Note. The equation given above to find wavelength in meters can be expressed in simple form 
where a number of ciphers appear, as follows: 
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300 x 108 


Wavelength (met = —————_. 
Maa a wearer CW ar 


= 240 meters 


4.106. Question. What must be the height of a vertical radiator 14 wave- 
length high if the operating frequency is 1,100 kilocycles? 

Answer. The height is 448 feet. 

Solution: Determine the wavelength for a frequency of 1,100 kilocycles. 


300 x 10° 


11 x 10° oS meters 


Wavelength (meters) = 


Since the antenna is a 1/2 wave vertical type, its height is 


: 273 
height = es = 136.5 meters, or 


= 136.5 X 3.28 = 448 feet 


4.107. Question. Draw a diagram of a crystal oscillator, including tem- 
perature control, with one stage of radio-frequency amplification. Power 
supplies need not be shown, but points at which the various voltages will 
be connected should be indicated. 

Answer. See Figure 83. 
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Fic. 83. Temperature control of crystal oven. 


4.108. Question. Draw a diagram of a class B push-pull linear amplifier 
using triode tubes. Include a complete antenna coupling circuit and an- 
tenna circuit. Indicate points at which the various voltages will be con- 
nected. 

Answer. See Figure 84. 

4.109. Question. Draw a diagram of a complete class B modulation sys- 
tem, including the modulated radio-frequency amplifier stage. Indicate 
points where the various voltages will be connected. 

Answer. See Figure 85. 
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Fic. 85. Complete circuit of a plate-modulated power amplifier. 


4.110. Question. Draw a simple longitudinal cross section of a water- 
cooled transmitting triode, showing the internal structure and labeling the 
various elements. 

Answer. See Figure 86. 

4.111. Question. Show by diagram where the plate ammeter should be ; 
connected in a water-cooled triode radio-frequency amplifier with parallel 
feed in order to exclude the measurement of the leakage current in the 
water column. 

Answer. See Figure 87. 
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Fic. 86. Simple sketch of a water-cooled tube. 


WATER-COOLED 


me! 
pute Lk 


MILLIAMMETER 


(RUBBER HOSE) 
WATER COLUMN 


qa H.V.. 
———— <= PLATE WATER 


ae 

a Y = 3 
Bets COLUMN~7 =>| ——— 
R RESISTANCE} A 

coe a 


ANAAAAANAAAAAAAAAAAAAL 
VVVVVVVVVVVVVVVVVVVVY 


LEAKAGE CURRENT PATH 


Fic. 87. The plate milliammeter does not indicate leakage current of the water circulation system. 


4.112. Question. What frequencies are present in the output wave of a 
transmitter operating on a carrier frequency of 1,100 kilocycles and being 
modulated by a 400-cycle sinusoidal tone? 

Answer. Three frequencies are present in the output wave, namely, (1) 1,100,- 
400 cycles, the upper side-band frequency, (2) 1,100,000 cycles, the carrier fre- 
quency, and (3) 1,099,600 cycles, the lower side-band frequency. 
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Note. When a carrier is modulated there are additional sum and difference frequencies 
produced on each side of the carrier. The upper side-band equals the swum of the carrier 
frequency and the modulation frequency, or 1,100,000 + 400, and the lower side-band frequency 
equals the difference between them, or 1,100,000 — 400. 


4.113. Question. What is a “dummy antenna”? 

Answer. A dummy or artificial antenna is a resistive load which may be sub- 
stituted for the regular antenna at the output of a transmitter to dissipate the 
power. Such a load is not oscillatory. The use of the dummy antenna allows 
the transmitter to be adjusted, or tested, or perhaps warmed up prior to normal 
operation without radiating the carrier which would be a source of interference 
under such circumstances. 

4.114. Question. Why are the tubes in the final radio-frequency stages 
of a transmitter not generally operated as class A? | 

Answer. The efficiency of class A operation is very low, and, therefore, from 
the standpoint of economy the final r-f stages should be either class B or class C, 
preferably class C, for a high-power stage. Where an efficiency of about 50 and 
70 per cent might be obtained respectively from class B and class C, an efficiency 
of only about 25 per cent may be expected from class A. Also, if class A were 
used in a final stage the tubes required would be relatively large. , 

4.115. Question. A certain transmitter has an output of 100 watts. The 
efficiency of the final, modulated amplifier stage is 50 per cent. Assuming 
that the modulator has an efficiency of 66 per cent, what plate input to 
the modulator is necessary for 100 per cent modulation of this transmitter? 
Assume that the modulator output is sinusoidal. 

Answer. The plate input power to the modulator is 151.5 watts. 

Solution: First we notice that if the modulated amplifier has an output of 100 
watts and is 50 per cent efficient the input power must be 200 watts. Also, at 100 
per cent modulation it is necessary for the modulator to supply an audio power 
equal to 50 per cent of the input power to the modulated amplifier ; hence the audio 
power output is one-half of 200 watts, or 100 watts. But the modulator is only 
66 per cent efficient and therefore the actual modulator plate input is 100 watts 
divided by the efficiency, or 100/0.66 = 151.5 watts. The last computation is 
merely applying the formula for efficiency, where 


. jeer ° Pa 
Efficiency = ©" also written as Pi, = ——“"— 
in efficiency 
Hence, 
_ 100 


5 oh a = 151.5 watts, modulator plate input 


0.66 
4.116. Question. If an oscillatory circuit consists of two identical tubes, 
the grids connected in push-pull and the plates in parallel, what relation- 
ship will hold between the input and the output frequencies? 
Answer. With this type of connection and with both the grid and plate tanks 
tuned to the same frequency, there is no change in frequency. However, the plate 
tank may be tuned to twice the input frequency if desired, and the latter condition 
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suggests the general application for such an amplifier, that is, it has practical use 
as a frequency doubler. 

4.117. Question. Why are series resistors sometimes used in grid circuits 
of radio-frequency amplifiers? 

Answer. Series resistors are sometimes used for the suppression of parasitic 
oscillations and to stabilize the amplifier, that is, to prevent self-oscillation in the 
amplifier. 


Discussion. A very small resistor, say about 15 ohms, connected as close as possible to the 
grid terminal of the socket would suggest that this resistor were being used to suppress 
parasitic oscillations. If a series resistor of larger size were used, say several hundred ohms, 
it would act to stabilize the amplifier and prevent self-oscillation at a frequency near the 
excitation frequency; this is known as the “losser” method of stabilization. 


4.118. Question. What may cause “parasitic” oscillations? 

Answer. Parasitic oscillations are caused by the formation of subsidiary oscilla- 
tory circuits of very high frequency in a stage due to stray capacity effects between 
connecting leads and the small inductance which such leads provide. Some prac- 
tical causes may be due to the wiring of the amplifier where grid and plate leads 
run more or less parallel, or the leads are too long ; separating the leads, changing 
their relative positions, or shortening connections to grid and plate may sometimes 
correct this trouble without the use of a parasitic choke or resistor in series with 
the grid. Parasitics are often troublesome when tubes are connected in push-pull 
or parallel since such arrangements naturally allow small oscillatory circuits to 
be formed, which are conducive to the generation of frequencies very much higher 
than the fundamental frequency of the amplifier. 

4.119. Question. What undesirable effects result from overmodulation 
of a broadcast transmitter? 

Answer. Overmodulation broadens the frequency band, which results in the 
emission of the transmitter overlapping into adjacent channels and causing serious 
interference to the services of other broadcast stations. Other undesirable effects 
are distortion, generation of harmonics, carrier shift, and dynamic instability. 

4.120. Question. What do variations in the final amplifier plate current 
of a transmitter employing low-level modulation usually indicate? 

Answer. Plate current variations in the final stage usually indicate the presence 
of distortion due perhaps to overloading in the audio system, or excessive r-f ex- 
citation, or improper tuning of the tank circuits between the modulated stage and 
the final stage. With low-level modulation a considerable amount of harmonic 
distortion will result if the tank circuits carrying the modulated carrier are not 
accurately tuned to resonance. 

4.121. Question. If, upon tuning the plate circuit of a triode r-f ampli- 
fier, the grid current undergoes variations, what defect is indicated? 

Answer. Grid current variations while tuning the plate tank of a triode r-f 
amplifier usually indicate that the stage is incompletely neutralized. Other possible 
causes are improper operation of the stage resulting from incorrect grid bias, or 
excessive r-f{ driving power. 

4.122. Question. The 50-kilowatt stage of a broadcast transmitter, having 
a final amplifier efficiency of 33 per cent, has a plate current of 10 amperes. 
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If the water system leakage current meter reads 11 milliamperes, what is 
the resistance of the water system from plate to ground? 

Answer. 1,363,636 ohms. 

Solution: Since the plate current, 10 amperes, and the power, 50 kilowatts, are 
given values the plate voltage can be determined and in turn the resistance can be 
found by Ohm’s law, since the leakage current, 0.011 ampere, is also a given value. 
However, first find the actual input power since the efficiency is only 33 per cent; 
thus 


E = — = — = 15,000 vol 
7 10 ‘ss volts 
Therefore 
fe AS5:000 
R=— = ——=1 
7 nade 363,636 ohms 


4.123. Question. If the final amplifier grid bias supply suddenly became 
short-circuited in a regular broadcast installation, what would likely result? 

Answer. The loss of grid bias would allow the plate current to rise to an 
abnormal value, but actually no damage would result because the plate overload 
relay would trip at some safe limiting value for which it had been set. The 
opening of the relay removes the plate voltage, or otherwise the tube might be 
destroyed. 

4.124. Question. What substance when used as a fire extinguishing agent 
will subject station personnel to least danger from shock and cause mini- 
mum of damage to electrical equipment? 

Answer. Carbon dioxide, COs. 

4.125. Question. What is the primary reason for using chemically pure 
water in the water cooling system of high-power transmitters? 

Answer, The primary reason for using chemically pure water for cooling high- 
power tubes is its relatively high resistance; pure water, being a poor conductor, 
keeps the water leakage current at a minimum, which reduces power losses. If 
the water were contaminated with foreign matter its resistance would be consider- 
ably lower and leakage current would increase with resultant waste of power, since 
the leakage current serves no useful purpose. Moreover, impure water causes the 
formation of scale around the sides of the plate, or anode, and water-jacket, which 
would affect the cooling properties ; and in any event the accumulation of scale is 
a condition to be avoided in a water circulation system. 

4.126. Question. A 50-kilowatt transmitter employs 6 tubes in push-pull 
parallel in the final class B linear stage, operating with a 50-kilowatt out- 
put and an efficiency of 33 per cent. Assuming that all of the heat radi- 
ation is transferred to the water cooling system, what amount of power 
must be dissipated from each tube? 

Answer, Each tube must dissipate 16,919 kilowatts. 
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Solution: In this problem the power input should be found so that the power 
output may be subtracted from it to give the dissipation from the 6 tubes com- 
bined, and then 4% of this value will give the watt dissipation from each tube. 

a 50,000 
fa i ee 15 watts, 
eae 0.33 watts, power input 
Pin — Pout = 151,515 — 50,000 = 101,515 watts, for 6 tubes 
or 
101,515 


6 


4.127. Question. Draw a simple schematic diagram of the water cooling 
system of a high-power broadcast station. Assume only one water-cooled 
stage. Indicate direction of water flow and parts of the system. 

Answer. See Figure 88. 


= 16,919 watts, dissipation from one tube 


<— GLASS ENVELOPE 


us TEMPERATURE 
f RUBBER HOSE 


EXPANSION 
TANK 


COOLING 
M4 BY-PASS RADIATOR 


Fic. 88. Component parts of a typical cooling system. 


4.128. Question. What is the value of voltage drop across the elements 
of a mercury-vapor rectifier tube under normal conducting conditions? 
Answer. The average voltage drop is 15 volts. 


Discussion. 

Mercury-vapor rectifier tube. The mercury vapor ionizes at a very low plate potential, 
a natural characteristic which permits a tube of this type to function differently from tubes 
that do not contain some form of low-pressure gas. The ionization potential of mercury 
vapor is 10.4 volts. In this action the atoms of mercury vapor are ionized by the impact of 
emitted electrons traveling from the hot cathode toward the plate. The electrons freed from 
the atoms also go to the plate, but the atoms which are deficient in electrons, now called ions, 
quickly migrate toward the cathode to take on sufficient electrons to neutralize their own 
positive charge. In other words, the negative space charge surrounding the cathode is prac- 
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tically neutralized by a positive space charge, which these ions represent. With the negative 
space charge effectively canceled in this way it requires only a very low potential difference 
between plate and cathode to draw electrons to the plate at practically the same rate they are 
emitted. Including the voltage drop in, the tube’s electrodes, a plate potential of about 15 
volts is sufficient to provide any value of plate current within the normal limits and operating 
temperature of the tube. The maximum plate current obtainable is limited mainly by the 
electron emission of the cathode and the temperature requirements to prevent over-ionization. 

High-vacuum rectifier tube. In this type a large number of electrons remain in the 
vicinity of the hot cathode to form a negative space charge, because there is no gas or mercury 
vapor present to cause ionization to neutralize this charge. The presence of a negative space 
charge, or cloud of electrons, surrounding a hot cathode presents an opposition to other elec- 
trons which tend to leave the cathode, so that full electron emission cannot be obtained. In 
order to draw these electrons away from the cathode substantially as fast as they are emitted 
requires the use of a comparatively high plate potential, which accounts for the high internal 
voltage drop in a high-vacuum rectifier tube. 


4.129. Question. Draw a diagram of a bridge rectifier giving full-wave 
rectification without a center-tapped transformer. Indicate polarity of out- 
put terminals. 

Answer. See Figure 89. : 


SINGLE SECTION 
FILTER 


BLEEDER 


A-C 
POWER 
LINE 


(a) 
Fic. 89. Bridge type rectifier. 


4.130. Question. Draw a diagram of a rectifier system supplying two 
plate voltages, one approximately twice the other and using one high-volt- 
age transformer with a single center-tapped secondary, and such filament 
supplies as may be necessary. 

Answer. See Figure 90. 

4.131. Question. What is meant by “arc back” or “flash-back” in a recti- 
fier tube? 

Answer. “Arc back” is the condition of breakdown of the normal conduction 
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Fic. 90. Two voltages may be obtained from a rectifier using only one power transformer. 
Both circuits are fundamentally alike; the smaller one (b) is a simple arrangement with 
only cathode symbols, which clearly conveys the principle. 


path in a rectifier tube which allows current to flow in the opposite direction to 
the proper electron conduction in the tube. 


Discussion. An excessively high voltage of reversed polarity applied to plate and cathode 
will cause flash-back and momentarily it is equivalent to a short-circuited condition in the 
tube. This places a severe strain on other tubes in the rectifier as well as the power supply. 
Excessive peak voltages developed in a filter might cause this trouble. In a mercury-vapor 
tube the severe ion bombardment which accompanies arc back might permanently damage 
the filament. A mercury-vapor tube should not be operated over a specified safe temperature 
limit because overheating results in increased gas pressure with increased ionization, and a 
comparatively lower critical peak inverse voltage could then cause flash-back. A high-vacuum 
rectifier is not so likely to be ruined from an abuse of this kind. 


4.132. Question. What is meant by the “inverse peak voltage” rating of 
a rectifier tube? 

Answer. The “inverse peak voltage” rating of a rectifier tube is the maximum 
peak voltage that can be safely applied with reversed polarity on the electrodes 
from that required for normal direction of electron flow without causing arc back 
and with the tube operating within specified temperature limits. 

4.133. Question. What is the principal disadvantage in the use of a 
dynamotor rather than a motor generator, to furnish power to a small 
mobile transmitter? 

Answer. The principal disadvantage of a dynamotor for this class of service is 
that it delivers a single voltage which cannot be regulated or changed as would 
be possible with a motor generator. Since only one field is used in common for 
both the motor and generator functions any change in the field current would 
change speed and seriously affect the load-voltage characteristics of the machine. 
Another disadvantage of a dynamotor is its poor voltage regulation. 
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4.134. Question. How may the output voltage of a dynamotor be regu- 
lated? . 

Answer. There is no practical means for tegulating the output voltage of a 
dynamotor by operation of the machine itself without seriously affecting the load- 
voltage characteristics. If a lower voltage than normal were desired it could be 
obtained by the use of a series dropping resistor in the load line at the generator 
end, or by a lower battery supply voltage. 

4.135. Question. If a 15-horsepower, 220-volt, single-phase a-c motor is 
92 per cent efficient when delivering its full rated output, what is the 
input current at a power factor of 0.85? 

Answer. The input current is 65 amperes. 

Solution: The first step calls for finding the power input from the given values 
for efficiency and rated output in horsepower. 


rss 15hipakX40 2) 1190 
Pin = aC Me Sere a aOR oy a NS 12,163 watts, power input 


efficiency 0.92 0.92 
The next step is to apply the power formula, P = E X I X p., to determine the 
current from the given values of voltage and power factor and from the power input 
just computed. Pn 12,163 
dS af SIDES ORS aslo 

4.136. Question. How may a condenser be added to a choke input filter 
system to increase the full-load voltage? 

Answer. If the filter were to be kept as a choke-input type there would be no 
practical way of increasing the full-load voltage by adding a condenser, since the 
only place for connection would be after the choke. Assuming the filter to be 
properly designed, the connection of a condenser as just suggested would not give 
any material improvement. However, if it were permissible to change to a con- 
denser-input type then the added condenser could be connected before the choke, 
that is, at the input, with the effect of increasing the full-load voltage. The added 
condenser at the input of the filter also increases the peak voltage, but the regu- 
lation would not be so good as before, since a choke-input system gives better 
regulation. 

4.137. Question. Why is it not advisable to operate a filter reactor in 
excess of its rated current value? 

Answer. The filtering action and the regulation which the reactor, or choke, 
is intended to provide will be impaired because the core will tend to saturate and 
the inductance of the coil will be lowered. Also, the winding may overheat badly 
with excessive current passing through it. 

4.138. Question. What is a “low-pass” filter? A “high-pass” filter? 

Answer. A “low-pass” filter is one which passes the low frequencies up to a 
certain cutoff point and above this all frequencies are attenuated or rejected. A 
“high-pass” filter is just the opposite in that it attenuates or rejects all frequencies 
below a certain cutoff point. 

4.139. Question. Draw a diagram of a simple low-pass filter. 

Answer. See Figure 91. 
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Fic. 91. Low-pass and high-pass filters. 


4.140. Question. If a power supply has a regulation of 11 per cent when 
the output voltage at full load is 240 volts, what is the output voltage at 
no load? 

Answer. The output voltage at no load is 269.6 volts. 

Solution: Insert the given values in the formula for voltage regulation. 


ioe — & . 
PE Ee sail Ue gt te percentage regulation 
1 no load 


In the above formula insert 0.11 for percentage regulation but omit 100, since 11 
per cent indicates a ratio of 0.11, and use the given value at full load, 240 volts. 
Work out as follows: 


Let x = no-load voltage 
x — 240 
ae 


= 0.11 


x — 240 = 0.11 X x (Cross multiplying) 


* — 0.11% = 240 (Transpose) 
x(1 — 0.11) = 240 (Factoring x) 
therefore 
enase tee 6) 6 volts 
Seti NO Tem eO ntti, 


4.141. Question. How is the inverse peak voltage to which the tubes of 
a full-wave rectifier will be subject determined from the known secondary 
voltages of the power transformer? Explain. 

Answer. The inverse peak voltage applied to the tube which is not conducting 
is the full secondary voltage multiplied by 1.414 and from which value is sub- 
tracted both the voltage drop’ across ‘the conducting tube and the active section of 
the secondary which is carrying current. The inverse peak voltage is applied 
across the inactive tube in this way because both tubes in effect are connected in 
series across the full secondary, since their cathodes are in common and each 
plate connects, respectively, to opposite ends of the secondary winding. See Fig- 
ure 41. 

4.142. Question. If a power supply has an output voltage of 140 volts at 
no load and the regulation at full load is 15 per cent, what is the output 
voltage at full load? 
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Answer. 119 volts. 

Solution: This problem is similar in principle to the one in Question 4.140, the 
difference being that in this case the no-load voltage is a given value. Insert the 
given values in the percentage regulation formula as follows: 

Let x = full-load voltage 


140 — x 


= 0.15 
140 


or 


— 
i 
=S 
| 
S 
I 


0.15 & 140 
Hence 
x= 140 — 21:= 119° volts 


Note. The foregoing problem may be solved as follows: The no-load voltage is 140 volts 
and the regulation is 15 per cent; so then the full-load voltage is 85 per cent (100 — 15) of 
the no-load voltage, or 85 per cent of 140 volts, hence 140 « 0.85 = 119 volts. 


4.143. Question. If the secondary of the high-voltage transformer in one 
phase of a three-phase rectifier system became defective, how could oper- 
ation be continued until repairs could be made? 

Answer. One means of continuing operation of a three-phase rectifier system 
under such conditions would be to disconnect the primary of the defective second- 
ary and, if necessary, reduce the drain on the rectifier by operating at a lower 
voltage. : | 

Another method is to use only two phases in the secondary by disconnecting the 
line that ordinarily goes to the defective secondary and reconnecting it to the 
common junction of all the secondaries, assuming that the secondaries are con- 
nected in Y (wye). 

4.144. Question. Why is a time delay relay arranged to apply the high 
voltage to the anodes of mercury-vapor rectifier tubes some time after the 
application of filament voltage? 

Answer. The time delay relay is used to protect the filaments of mercury-vapor 
tubes from possible breakdown by allowing the bulb temperature to become nor- 
mal; the filaments are given sufficient time to heat up properly for normal emission 
before applying plate voltage. Also, any condensed mercury formed on the fila- 
ments during periods of inoperation of the rectifier will vaporize during the 
warming up interval. 

4.145. Question. Why is it important to maintain the operating tempera- 
tures of mercury-vapor tubes within specified limits? 

Answer. A mercury-vapor tube functions on the principle of ionization, which 
makes it quite critical to bulb temperatures which are either too high or too low. 
A low bulb temperature due to reduced filament voltage lowers the intensity of 
ionization so that the voltage drop within the tube becomes much greater than is 
required normally to neutralize the negative space charge; this condition results in 
overloading, which may ruin the tube. On the other hand, excessive operating 
temperatures brought on by excessive filament voltage, or perhaps inadequate ven- 
tilation, will greatly increase the pressure within the bulb; increased gas pressure 
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intensifies ionization to the point where a lower peak inverse voltage might easily 
cause flash-back and damage the. tube. 

4.146. Question. If a frequency doubler stage has an input frequency of 
1,000 kilocycles, and the plate inductance is 60 microhenrys, what value of 
plate capacitance is necessary for resonance, neglecting stray capacitances? 

Answer. 105.3 micromicrofarads. 

Solution: On the assumption that 1,000 kilocycles is the fundamental frequency 
and the plate circuit is adjusted to favor the second harmonic, or 2,000 kilocycles, 


the problem is solved by applying the formula for frequency, or f = %rV/LC, but 
in terms of capacitance C, as follows: 


where L is in henrys, 
7 -iScin .Cip.S. 
C is in farads. 


1 
Ses (Qnf)2L’ 


In the given problem 
1 LOg axe Ore 


ee ee ea ee es 
(G28 C510 be GO 10 208s ee 60. 


or 
Oe 


Gy acamtceatea) a 
39.5 X 240 3 


4.147. Question. Draw a simple schematic diagram of a multivibrator 


oscillatory circuit. 
Answer, See Figure 92. 


OUTPUT 


INSERTED 
VOLTAGES 


— + 


Fic. 92. Multivibrator circuit. 


4.148. Question. What precautions should be taken to ensure that a 
crystal oscillator will function at one frequency only? 

Answer. The following precautions should be observed: Maintain the crystal 
at a constant temperature; operate the crystal with proper r-f feedback voltage ; 
use loose coupling to the following stage to keep circuit reactions at a minimum; 
employ a buffer stage; do not permit the crystal holder to be subjected to vibrations 
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or jars that would cause the crystal to shift or move in the holder ; maintain proper 
operating voltages; operate the crystal in a circuit having a high “Q” at the 
operating frequency. 

4.149. Question. What are the advantages of mercury thermostats as 
compared with bimetallic thermostats? 

Answer. In general a mercury thermostat will give greater accuracy and more 
reliable operation than the bimetallic type. ‘Since the mercury and the contacts 
are enclosed and do not operate in air there is freedom from the usual troubles 
encountered when oxidation occurs at exposed contacts which function to make 
and break an electrical circuit. With contacts operating in a high vacuum, as the 
length of the mercury column changes, they provide perfect electrical contact over 
indefinite periods and with increased sensitivity of the make-and-break action. 
These advantages result in a more uniform temperature coefficient. 

4.150. Question. A 600-kilocycle X-cut crystal, calibrated at 50° Centi- 
grade, and having a temperature coefficient of —20 parts per million per 
degree, will oscillate at what frequency when its temperature is 60° Centi- 
grade? 

Answer. The crystal will oscillate at 599.8 kilocycles. 

Solution: The crystal’s temperature is 60 —50, or 10° above its calibrated value, 
and it changes 20 cycles for each degree of temperature change, 10 x 20 = 200 
cycles; but this means 200 cycles in every million cycles, or megacycle. The cali- 
brated frequency is only 600 kilocycles, or 0.6 megacycle; hence the actual fre- 
quency change is 200 x 0.6, or 120 cycles. In this problem the change is a negative 
one, or —120 cycles because the crystal has a negative temperature coefficient, and 
therefore the crystal will oscillate at 600,000 — 120, or 599.8 kilocycles. 519.9% KC. 

4.151. Question. Why are crystals usually operated in temperature-con- 
trolled ovens? 

Answer. The primary reason is to maintain the best.possible frequency sta- 
bility. When very close frequency tolerances must be observed, such as in broad- 
cast transmitters or in precision measurements, it is necessary to maintain the 
crystal at a contant temperature to keep the frequency drift within very narrow 
limits. Where such close frequency tolerances are not required a crystal with a 
low temperature coefficient could be employed without the use of a temperature- 
controlled oven. 

4.152. Question. What is the device called which is used to derive a 
standard frequency of 10 kilocycles from a standard-frequency oscillator 
operating on 100 kilocycles? 

Answer. Multivibrator. 

4.153. Question. What procedure should be adopted if it is found neces- 
sary to replace a tube in a heterodyne frequency meter? 

Answer. The frequency meter should be recalibrated because the interelectrode 
capacitances of tubes differ somewhat and therefore the circuits tune to different 
frequencies. With the new tube in place the meter should be warmed up thor- 
oughly and the calibration rechecked by means of zero beats, against a secondary 
standard or constant frequency oscillator. 


Pe 
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Discussion, One type of heterodyne frequency meter includes a piezoelectric calibrator, for 
checking purposes, the calibrator being a one-megacycle low-temperature-coefficient quartz 
crystal. With the calibrator several points on each coil range of the heterodyne frequency 
meter may be checked. 


4.154. Question. Why is it necessary to employ pure d.c. for the plate 
supply of a heterodyne frequency meter? 

Answer. Reasons for using pure d-c plate supply are to maintain the best 
possible frequency stability, to provide accurate zero beat indications, and to pre- 
vent uncertain zero beat indications which might be caused by harmonics of a 
poorly filtered plate supply being confused with a multiple of the frequency under 
measurement. If the d-c plate supply were not steady it would result in modu- 
lation of the beat note, and zero beats could not then be accurately checked. 

4.155. Question. What are “Lissajous” figures? 

Answer. The patterns or wave forms viewed on the fluorescent screen of a 
cathode-ray tube are known as Lissajous figures. The electron stream within the 
tube in striking the screen causes a small spot to become luminous. When volt- 
ages from different sources are applied to the deflecting plates of the tube the spot 
traces out a pattern which appears as a line or image, the shape of which depends 
upon the wave forms of the applied voltages, their frequencies and phase relation- 
ships. Although the spot of light is continually moving under the influence of the 
applied voltages, yet it seems to form a solid line or image before our eyes, this 
being due to the illusion of persistence of vision; one sees or retains a light spot 
for a fraction of a second after it disappears or moves to another position while 
changing its course. These patterns are useful in identifying frequency ratios 
and the effect of phase shift. 

4.156. Question. If a frequency of 500 cycles is beat with a frequency of 
550 kilocycles, what will be the resultant frequencies? 

Answer. The two resultant frequencies are the sum and difference frequencies, 
or 550,500 cycles and 549,500 cycles. 

4.157. Question. In what part of a broadcast station system are “phase 
monitors” sometimes found? What is the function of this instrument? 

Answer. A “phase monitor” would be used connected to the line terminating 
equipment of the antenna system. The function of this instrument is to provide 
actual measurements of the phase differences of the antenna currents of arrays 
having two or more elements so that the proper field patterns of multi-antenna 
systems can be maintained. 

With a phase monitor a broadcast transmitter antenna system of this type may 
be checked to maintain the proper amount of directivity which depends upon the 
phase of the current in the antenna and in the reflectors. In the operation of 
certain antenna systems a single radiation pattern is maintained throughout the 
operating period whereas in other antenna systems more than one radiation pat- 
tern would be required at different times. 

The input to the phase measuring circuits may be taken from directly across a 
sampling line connected to a sampling coil which is properly coupled to the antenna 
element. Sampling lines are usually gas-filled or dried-air lines to offset the 
effects of humidity which if present might cause variations in the phase measure- 
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ments. One type of phase monitor is combined with another unit which provides 
for the remote indication of the amplitude of antenna currents because two such 
units are most always used together. 

4.158. Question. If a broadcast station receives a frequency measurement 
report indicating that the station frequency was 45 cycles low at a certain 
time, and the transmitter log for the same time shows a measured frequency 
to be 5 cycles high, what is the error in the station frequency monitor? 

Answer. The error is 50 cycles, or the sum of 45 and 5 cycles. 

4.159. Question. If a heterodyne frequency meter, having a straight-line 
relation between frequency and dial reading, has a dial reading of 31.7 for 
a frequency of 1,390 kilocycles and a dial reading of 44.5 for a frequency 
of 1,400 kilocycles, what is the frequency of the ninth harmonic of the 
frequency corresponding to a scale reading of 41.2? 

Answer. The ninth harmonic frequency is 12,576.8 kilocycles. 

Solution: A straight-line or linear relation between frequency and dial reading 
makes it possible to interpolate in this problem to find the number of cycles cov- 
ered (frequency spread) by each tenth of a division on the dial scale, or between 
any two points on the scale. 

Proceed as follows: The difference between the two dial readings, 44.5 — 31.7 = 
12.8 divisions, is equivalent to a frequency spread between these two points of 
1,400 — 1,390 = 10 kilocycles, or 10,000 cycles. Therefore, 10,000 divided by 12.8 
gives a spread of 781.2 cycles for each tenth of a scale division. Now take the 
difference in the number of divisions on the scale between point 44.5 and the 
new dial reading at point 41.2, which equals 3.3, and multiply 781.2 by 3.3, which 
equals 2,577.96 cycles, or the frequency spread between these points. Since point 
44.5 indicates 1,400,000 cycles, then 3.3 divisions ahead on the scale, or point 
41.2, will give 2,577.96 cycles less in frequency, or 1,400,000 — 2,577.96 = 1,397,- 
423 cycles. The question asks for the ninth harmonic of this frequency, or 
1/397 423 X 9-=-12,576,800 cycles, or.12:5/6.Sekalocycies: 

4.160. Question. What is the reason why certain broadcast station fre- 

quency monitors must receive their energy from an unmodulated stage of 
the transmitter? 
_ Answer. A monitor of the beat-frequency type must receive its energy from 
an unmodulated stage because it requires a steady beat for accurate monitoring of 
the carrier frequency. If the modulation frequency were also present it would 
cause interference with the audio-frequency beat note of the instrument. Instru- 
ments of this kind are carefully designed to reduce possible inaccuracy which might 
be caused by hum modulation of the carrier or other wave form errors. If any 
program modulation were present in the signal frequency to be checked it would 
result in undesirable fluctuation of the indicating meter because certain audio 
components, or those close to the a-f beat tone frequency of the monitor, would 
effect the metering circuit. 

4.161. Question. In what part of a broadcast station system are “limit- 
ing” devices usually employed? What are their functions? 

Answer. Limiting devices are associated with the audio-amplifying system of 
a broadcast transmitter and in most installations would be part of the speech-input 
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equipment of the transmitter. A limiter is an audio amplifier which is so designed 
that by adjustment the modulation peaks can be kept down to a given level. This 
allows a desired percentage of modulation to be maintained without the possibility 
of overloading or overmodulating on peaks. 

4.162. Question. What are the results of using an audio-peak limiter? 

Answer. The use of an audio-peak limiter permits a higher percentage of 
modulation to be obtained without the possibility of exceeding this modulation 
level on peaks, since the limiter can be adjusted to cut down peak amplitudes to 
a desired value. Other benefits directly due to control of peak amplitudes by 
adjustment of the limiter circuits are that the modulator stage will not be over- 
loaded on peaks and the carrier will not be interrupted on surges that might other- 
wise trip overload relays. When a limiter is not used it is necessary to adjust 
the percentage of modulation for average conditions to a lower level to allow for 
occasional peaks that come through with the audio signal wave. These audio 
peaks are not necessary for reproducing a signal and if allowed to go to the 
modulator stage at their original high aE pUTa CE would cause overloading and 
overmodulation at such moments. 

4.163. Question. How is the load on a modulator, which modulates the 
plate circuit of a class C radio-frequency stage, determined? 

Answer. The load on a modulator is the d-c resistance of the plate circuit of 
the modulated class C r-f stage. This resistance, R in ohms, is found by applying 
Ohm’s law where E is the d-c plate voltage applied to the modulated r-f stage and 
I is the plate direct current in amperes. 


E (d-c plate voltage of modulated stage) 


Load (R in oh Pa 
oad (R in ohms) I (d-c plate current of modulated stage) 


4.164. Question. Given a class C amplifier with a plate voltage of 1,000 
volts and a plate current of 150 milliamperes which is to be modulated by 
a class A amplifier with a plate voltage of 2,000 volts, plate current of 200 
milliamperes, and a plate impedance of 15,000 ohms. What is the proper 
turns ratio for the coupling transformer? 

Answer. The turns ratio is 2.12: 1 for the coupling transformer. 

Solution: One thing to consider in a problem of this kind is that a class A ampli- 
fier should work into a load impedance equal approximately to twice the class A 
amplifier’s own plate impedance to keep the output within certain limits of har- 
monic distortion. The amplifier’s plate impedance, R,, is its a-c plate resistance. 
Since this point is not specifically covered in the statement of the problem we will 
use the recommended value, that is, the load impedance is equal to just twice the 
class A amplifier’s plate impedance. Proceed to solve the problem as follows: 

The plate impedance, R,, of the class A amplifier is given at 15,000 ohms, and 
twice this value, or 2 R,, equals 30,000 ohms. Hence, 30,000 ohms is the load 
impedance into which the class A amplifier will deliver its power, but we find 
that the actual load, which is the plate d-c resistance of the class C amplifier, is 
only 6,666.7 ohms. The latter value is determined by applying Ohm’s law, where 
Z = E/I, and inserting therein the given values of plate voltage, 1,000 volts, and 
plate current, 0.150 ampere, or 1,000/0.150 = 6,666.7 ohms. 
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The last step is to apply the formula for determining the turns ratio of the 
transformer, where Z, is the recommended load impedance and Z» the actual value. 


N [Z ; 30,000 ; 
nt = e , or turns ratio = 6,607 Ea Vid 4.5 = 2.12 to 1 step-down ratio. 


Note. Two values given in the statement of the problem could have been omitted; these 
values are the plate voltage and plate current of the class A amplifier. 


4.165. Question. Indicate by a simple diagram the shunt-fed plate cir- 
cuit of a radio-frequency amplifier. 

Answer. See Figure 93. 

4.166. Question. Indicate by a simple diagram the series-fed plate circuit 
of a radio-frequency amplifier. 

Answer, See Figure 94. 


SHUNT-FED PLATE SERIES-FED PLATE 
Fic. 93. The d-c plate supply and Fic. 94. The d-c plate power supply 
plate tank are in shunt with respect and plate tank are in series with 
to plate and cathode of the tube. respect to the plate and cathode 
of the tube. 


4.167. Question. With respect to the unmodulated values, doubling the 
excitation voltage of a class B “linear” radio-frequency amplifier will result 
in what increase in r-f power output? 

Answer. The r-f power output will be increased four times by doubling the 
excitation voltage. This relation holds only when a class B amplifier is operated 
over that portion of the characteristic curve where the amplification is linear. In 
a class B linear amplifier the power output varies as the square of the grid 
voltage. of jis: 

4.168. Question. At what percentage of modulation does maximum plate 
dissipation of a class B “linear” amplifier occur? 

Answer. At zero percentage modulation, that-is, when no modulation is taking 
place. In other words, when the plate dissipation is maximum the plate circuit 
efficiency is lowest which occurs at zero modulation in a class B linear amplifier. 

4.169. Question. What may be the cause of a decrease in antenna current 
during modulation of a class B linear radio-frequency amplifier? 

Answer. Downward deflection of the antenna ammeter may be caused by any 
of the following: 
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(a) Low emission tube or insufficient filament voltage. 
If the emission were low it would not permit the plate current changes 
to reach normal maximum amplitudes on positive peaks of modulation 
but the plate current could go to zero on negative modulation peaks. 

(b) Low plate voltage. 
An open filter condenser in the plate power supply might cause the plate 
voltage to be subnormal. 

(c) Distortion in the audio system. 

(d) Excessive plate load impedance. 

(e) Excessive r-f excitation or grid drive. 
If the r-f excitation is too great it causes the positive peaks of modulation 
to be driven into the upper bend of the characteristic where saturation 
occurs; hence the positive modulation peaks would have less amplitude 
change than the negative modulation peaks. Excessive r-f excitation 
would cause the average d-c plate reading to be greater with no modu- 
lation applied. 

(f) Incorrect grid bias voltage. 


* 


4.170. Question. In adjusting the plate tank circuit of a radio-frequency 
amplifier should minimum or maximum plate current indicate resonance? 

Answer. Minimum plate current, or lowest plate-current dip, indicates reso- 
nance. . 

4.171. Question. What is the formula for determining the db loss or 
gain in a circuit? | 

Answer. The following three formulas cover the db loss or gain in a circuit 
in terms of the input and output power ratio, or voltage ratio, or current ratio, 
providing the input and output impedances are equal. Let Nap stand for number 
of decibels in each formula. 


FP 

(1) Power gain or loss: Nap = 10 logio i 
2 

E, 

(2) Voltage gain or loss: Nap = 20 logio a 
2 

) ' ri 
(3) Current gain or loss: Nap = 20 logio 7. 
2 


4.172. Question. What will occur if one tube is removed from a push- 
pull class A audio-amplifier stage? 

Answer. With only one tube in the push-pull stage the second harmonic com- 
ponent will not be canceled in the output and distortion will occur. Also, the 
absence of one tube may result in further distortion if the core tends to saturate. 
With only one tube in the stage the hum-frequency level in the plate circuit will 
be raised. | 

4.173. Question. What is the stage amplification obtained with a single 
triode operating with the following constants: plate voltage 250 volts, plate 
current 20 milliamperes, plate impedance 5,000 ohms, load impedance 10,000 
ohms, grid bias 4.5 volts, amplification factor 24? 
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Answer. The stage amplification is 16. 
Solution: Only three of the values given in the statement of the problem are 
needed to find the stage amplification or gain of the stage. These values are 


uw = amplification factor, 
Zo = load impedance, 
R, = plate impedance. 
The formula for gain of the stage with computation completed: 


BX Zo 24 X 10,000 240,000 


4.174. Question. Under what circumstances is neutralization of a triode 
radio-frequency amplifier not required? . 

Answer. When the stage is operated with low gain or when the stage is used 
as a frequency multiplier. In the first case there may not be sufficient feedback 
to cause self-oscillation and in the second case the plate circuit and the grid 
circuit are not tuned to the same frequency. 

4.175. Question. Why is it necessary or advisable to remove the plate 
voltage from the stage being neutralized? 

Answer. The accepted practice is to remove the plate voltage because critical 
neutralizing adjustments then are easier to make than by other methods in which 
the plate voltage is kept applied. Where plate voltage is applied before initial 
neutralizing adjustments are made the off-frequency condition of the tank might 
cause the plate current to become excessively high and damage the tube. Also, it 
is much safer for the personnel to make adjustments with plate voltage off the 
stage since high voltages present a hazard at all times. 

4.176. Question. What is the rule regarding the posting of the station 
license of a regular broadcast station? 

Answer. The station license and any other instrument of authorization or indi- 
vidual order concerning construction of the equipment or the manner of operation 
of the station shall be posted in a conspicuous place in the room in which the 
transmitter is located in such manner that all terms thereof are visible. The license 
of the station operator shall be posted in the same manner. (F.C.C. Rules and 
Regulations 3.87.) 

4.177. Question. Under what conditions may a standard broadcast sta- 
tion be operated at a reduced power other than specified in the station 
license? 

Answer. The licensee of a broadcast station shall maintain the operating power 
of the station within the prescribed limits of the licensed power at all times, except 
that in an emergency, when, owing to causes beyond the control of the licensee, it 
becomes impossible to operate with the full licensed power, the station may be 
operated at reduced power for a period not to exceed 10 days, provided that the 
Commission and the inspector in charge shall be notified in writing immediately 
after the emergency develops. (F.C.C. Rules and Regulations 3.57.) 
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4.178. Question. Unless otherwise specified in the license, what type of 
emission is authorized in all classes of broadcast licenses? 

Answer. Type A3 emission. 

4.179. Question. When the transmitter of a standard broadcast station is 
_ operated at 85 per cent modulation, what is the maximum permissible com- 
bined audio harmonic output? 

Answer. When the transmitter is operated with 85 per cent modulation, not 
over 10 per cent combined audio-frequency harmonics shall be generated by the 
transmitter. (F.C.C. Rules and Regulations 3.55.) 

4.180. Question. What types of standard broadcast stations are permit- 
ted to make charges for the transmission of programs? 

Answer. Standard broadcast stations and stations in the international broad- 
cast service. 

4.181. Question. How frequently must the auxiliary transmitter of a 
regular broadcast station be tested? 

Answer. ‘The auxiliary transmitter shall be tested at least once each week to 
determine that it is in proper operating condition and that it is adjusted to the 
proper frequency, except that in case of operation in accordance with paragraph 
(c) of this section during any week, the test in that week may be omitted pro- 
vided the operation under paragraph (c) is satisfactory. A record shall be kept 
of the time and result of each test operating under paragraph (c). 

Note. The answer to Question 4.182 gives the rule for paragraph (c). (F.C.C. Rules and 
Regulations 3.63.) 

4.182. Question. For what purpose is an auxiliary transmitter main- 
tained? 

Answer. The auxiliary transmitter shall be maintained so that it may be put 
into immediate operation at any time for the following purposes: 

(1) The transmission of the regular programs upon failure of the main trans- 
mitter. 

(2) The transmission of regular programs during maintenance or modification 
work on the main transmitter, necessitating discontinuance of its operation for a 
period not to exceed 5 days. (F.C.C. Rules and Regulations 3.63.) 

4.183. Question. If the plate ammeter in the last stage of a broadcast 
transmitter burned out, what should be done? 

Answer. No instruments indicating the plate current or plate voltage of the 
last radio stage, the antenna current, or the transmission line current when logged, 
in lieu of the antenna current, shall be changed or replaced without written author- 
ity of the Commission, except by instruments of the same make, type, maximum 
scale readings, and accuracy. Requests for authority to change an instrument may 
be made by letter or telegram giving the manufacturer’s name, type number, serial 
number, and full scale reading of the proposed instrument and the values of cur- 
rent or voltage the instrument will be employed to indicate. Requests for tem- 
porary authority to operate without an instrument or with a substitute instrument 
may be made by letter or telegram stating the necessity therefor and the period 
involved. (F.C.C. Standards of Good Engineering Practice Concerning Standard 
Broadcast Stations, Section 3.58.) 


%. 
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4.184. Question. What is the frequency tolerance of noncommercial edu- 
cational broadcast stations? 

Answer, The transmitter of each noncommercial educational broadcast station 
shall be equipped with automatic frequency control apparatus so designed and 
constructed that it is capable of maintaining the operating frequency within plus 
or minus 0.01 per cent of the assigned frequency. (F.C.C. Rules and Regulations. 
4.134.) 

4.185. Question. Under what circumstances does a radiotelephone first- 
class license grant authority to the operator to operate a ship station 
licensed to use types A3 or A4 emission for communication with coastal 
telephone stations? 

Answer. A radiotelephone first-class license authorizes the holder to use type 
A3 or A4 emission on ship stations which operate on a power of 100 watts, or 
less, and use type A3 emission for communication with coastal telephone stations. 

4.186. Question. The currents in the elements of a directive broadcast 
antenna must be held to what percentage of their licensed value? 

Answer. 5 per cent. 

4.187. Question. Under what circumstances may a relay broadcast sta- 
tion be used? 

Answer. A relay broadcast station is a station licensed to transmit from points 
where wire facilities are not available, programs for broadcast by one or more. 
broadcast stations, or orders concerning such programs. (F.C.C. Rules and Regu- 
lations 4.21.) 

4.188. Question. What are the permissible tolerances of power of a 
standard broadcast station? 

Answer. Each station shall be operated at all times as near to the authorized 
power as practicable. However, in order to provide for variations in the power 
supply or other factors affecting the operating power which would necessitate con- 
tinual adjustment to keep the operating power exactly the same as the authorized 
power, the operating power may be permitted to vary from 5 per cent above to 
10 per cent below the authorized power for periods of short duration. (F.C.C. 
Standards of Good Engineering Practice Concerning Standard Broadcast Stations, 
Section 11.) 

4.189. Question. What is meant by “equipment tests” and “service or 
program tests” where these are mentioned in the Rules and Regulations of 
the Commission? 

Answer. Equipment test. Upon completion of construction of a radio sta- 
tion in exact accordance with the terms of the construction permit, the technical 
provisions of the application therefor and the rules and regulations governing the 
class of station concerned and prior to filing of application for license, the permittee 
is authorized to test the equipment for a period not to exceed 10 days. 

Service or program test. When construction and equipment tests are com- 
pleted in exact accordance with the terms of the construction permit, the technical 
provisions of the application therefor, and the rules and regulations governing the 
class of station concerned, and after an application for station license has been 
filed with the Commission showing the transmitter to be in satisfactory operating 
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condition, the permittee is authorized to conduct service or program tests in exact 
accordance with the terms of the construction permit for a period not to exceed 
30 days. (F.C.C. Rules and Regulations, Rules 2.42 and 2.43.) 

4.190. Question. Name four required entries in the operating log of a 
standard broadcast station. 

Answer. Entries required in the operating log: 

(1) The time the station begins to supply power to the antenna, and the time 
it stops. 

(2) The time the program begins and ends. 

(3) Each interruption to the carrier wave, its cause and duration. 

(4) An entry of the following each 30 minutes: 


(a) Operating constants of last radio stage (total plate current and plate 
voltage. ) 
(6) Antenna current. 
(c) Frequency monitor reading. 
(d) Temperature of crystal control chamber if thermometer is used. 
(F.C.C. Rules and Regulations 3.404.) 

4.191. Question. At broadcast stations using the direct method of com- 
puting output power, at what point in the antenna system must the antenna 
current be measured? 

Answer. The antenna current must be measured at the point where the antenna 
resistance is measured. 

4.192. Question. For what purpose may a standard broadcast station 
which is licensed to operate daytime or specified hours operate during the 
experimental period without specific authorization? 

Answer. The hours between midnight and 6 a.m. cover the experimental period 
of a standard broadcast station and these hours may be used for testing purposes 
for proper maintenance of the station but not for regular broadcasting; the tests 
must be conducted without causing interference to the regular service of other 
stations which maintain regular schedules during these hours. (F.C.C. Rules and 
Regulations 3.72.) 


Note. Stations involved in the after-midnight frequency monitoring programs are notified 
of their operating and silent schedule. 


4.193. Question. What is the allowable frequency deviation, in percent- 
age, for a broadcast station operating on 1,000 kilocycles? 

Answer. The allowable frequency deviation is 0.002 per cent. Since the allow- 
able frequency deviation for a broadcast station is within 20 cycles of the assigned 
frequency, the percentage of deviation for 1,000 kilocycles is 


20 
1,000,000 
4.194. Question. What is the last audio-frequency amplifier stage which 


modulates the radio-frequency stage termed? 
Answer. Modulator stage. 


X 100 = 0.002 per cent 
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4.195. Question. How frequently must a remote reading ammeter be 
checked against a regular antenna ammeter? 

Answer. At least once each week. 

4.196. Question. What factors enter into the determination of power of 
a broadcast station which employs the indirect method of measurement? 

Answer. In accordance with the following formula the factors are the total 
plate current and plate voltage of the last radio stage and the proper factor, F, 
according to the type of modulation used. (The proper efficiency factor, F, is 
obtained from the table issued by F.C.C.) 


Operating powely— 155 <a, 


Note. Examples of the use of the efficiency factor, F, are: for stations employing plate 
modulation in the last radio stage F ranges from 0.70 to 0.80; for stations of all powers using 
low-level modulation it ranges from 0.35 to 0.65; for stations of all powers employing grid 
modulation in the last radio stage it ranges from 0.25 to 0.35. (F.C.C. Rules and Regulations 
3.52.) 


4.197. Question. What is the power that is actually transmitted by a 
standard broadcast station termed? 

Answer. “Operating power’ means the power that is actually supplied to the 
radio station antenna. 

4.198. Question. Are the antenna current, plate current, etc., as used in 
the Rules and Regulations of the Commission modulated or unmodulated 
values? 

Answer, Unmodulated values. 

4.199. Question. With reference to broadcast stations, what is meant by 
the “experimental period”? 

Answer. The experimental period means that time between 12 midnight and 
6 a.m. when tests may be conducted for the proper maintenance of a station, pro- 
viding no interference is caused to the regular service of other stations and com- 
pliance is made with the Commission’s rule in Section 3.10, Part 3. 


Note. The rule referred to in Section 3.10, Part 3, reads as follows: The licensee of each 
standard broadcast station shall operate or refrain from operating its station during the 
experimental period as directed by the Commission in order to facilitate frequency measurement 
or the determination of interference. (Stations involved in the after-midnight frequency 
monitoring programs are notified of their operating and silent schedule. ) 


4.200. Question. What is the rule governing the posting of the operator 
license? 

Answer. The original license of each station operator shall be posted at the 
place where he is on duty or kept in his possession in the manner specified in the 
regulations governing the class of station concerned. (F.C.C. Rules and Regula- 
tions 2.52.) 

4.201. Question. What percentage of modulation capability is required 
of a standard broadcast station? 

Answer. 85 per cent. 


Note. F.C.C. Rules and Regulations 3.55c, read as follows: The operating percentage 
of modulation of all stations shall be maintained as high as possible consistent with good 
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quality of transmission and good broadcast practice and in no case less than 85 per cent on 
peaks of frequent recurrence during any selection which is normally transmitted at the 
highest level of the program under consideration. 


4.202. Question. Under what circumstances may radiotelegraph code be 
transmitted over a broadcast station? | 

Answer. The following gives several circumstances under which radiotelegraph 
code may be used over a broadcast station: 

(1) Any station which becomes aware that a mobile station is in distress may 
transmit the distress message when directed to do so by the station in control of 
distress traffic or when it has reason to believe that a distress call which it has 
intercepted has not been received by any station in a position to render aid. 

(2) All classes of broadcast licenses authorize A3 emission only unless other- 
wise specified in the license. In case Al, A2, A4, A5, or special emission are 
necessary or helpful in carrying on any phases of experimentation, application set- 
ting out fully the needs shall be made to, and authority therefor received from, 
the Commission. 

(3) During a period of emergency in which normal communication facilities 
are disrupted as a result of a hurricane, flood, earthquake, or similar disaster. 

(4) Code may be used for sound effects as part of a regular broadcast program. 
(F.C.C. Rules and Regulations 2.61, 4.7, and 2.63.) 

4.203. Question. Define the maximum rated carrier power of a broadcast 
station transmitter. 

Answer. Maximum rated carrier power is the maximum power at which the 
transmitter can be operated satisfactorily and is determined by the design of the 
transmitter and the type and number of vacuum tubes used in the last radio stage. 
(F.C.C. Rules and Regulations 2.19.) 

4.204. Question. Define the plate input power of a broadcast station 
transmitter. 

Answer. The plate input power is the product of the plate d-c voltage and the 
total plate direct current of the last radio stage with no modulation. (F.C.C. Rules 
and Regulations 3.52.) 

4.205. Question. Define high-level and low-level modulation. 

Answer. “High-level” modulation is modulation produced in the last radio 
stage of the system. “Low-level” modulation is modulation produced in an 
earlier stage than the final. 

4.206. Question. What is the tolerance that is applied to the antenna 
currents in the various elements of a directional array? 

Answer. 5 per cent. (F.C:C. Standards of Good Engineering Practice, Sec- 
tion 12.) 

4.207. Question. What is the frequency tolerance which must be main- 
tained at the present time by a standard broadcast station? 

Answer. A broadcast transmitter must maintain its frequency within 20 cycles 
of the assigned frequency. . 

4.208. Question. What services may be rendered by a portable transmit- 
ter operating in the frequency band 550 to 1,500 kilocycles? 

Answer. In the standard broadcast band, a portable transmitter may be used 
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in making field intensity measurements for locating a transmitter site for a broad- 
cast station. A portable broadcast station is not licensed in the standard broadcast 
band for regular transmission of programs intended to be received by the public. 


Note. The term portable transmitter means a transmitter so constructed that it may be 
moved about conveniently from place to place and is in fact so moved about from time to 
time, but it is not ordinarily used while in motion. (F.C.C. Rules and Regulations 3.13.) 


4.209. Question. Name three technical changes in a standard broadcast 
station transmitter which cannot be made without the authority of the 
Commission. 

Answer. No licensee shall change, in the last radio stage, (1) the number of 
vacuum tubes to vacuum tubes of different power rating or (2) class of operation, — 
nor (3) shall it change the system of modulation without the authority of the 
Commission. 


Note. Rules regarding other technical changes are: No broadcast station licensee shall 
change the physical height of the transmitting antenna, or supporting structures, or make 
any changes in the radiating system which will measurably alter the radiation patterns, except 
upon the written application to and authority from the Commission. (F.C.C. Rules and 
Regulations 3.43 and 3.45.) 


4.210. Question. Describe the adjustments which would be necessary to 
be made to the final amplifier stage of a broadcast transmitter to reduce the 
power output to one-half that previously being delivered if low-level modu- 
lation is used. If high-level modulation is used. 

Answer, Adjustments necessary to operate on half-power include the following: 

Low-level Modulation. 

Operating voltages and excitation. The power output of the last radio stage is 
reduced by lowering the plate voltage and grid bias voltage and also lowering the 
excitation in the correct proportion to give the desired r-f current for operation 
on the lower power. 

Antenna and tuning adjustments. After the required changes in voltage and 
excitation have been made the plate tank circuit of the final stage and the antenna 
should be carefully retuned and adjusted. 

High-level Modulation. | 

Operating voltage changes. The final radio stage and modulator must both be 
reduced in power by lowering plate voltage and bias voltage. 

Grid excitation, Make adjustments in grid excitation so that any increase in 
excitation causes no further increase in plate current (plate saturation). 

Antenna coupling. Reduce antenna coupling to provide proper load impedance 
for linearity of the amplifier and power output with good efficiency. 

Retuning adjustments. To correct any circuit conditions that may have been 
altered by these changes, retune tank circuit for minimum plate-current dip and 
tune the antenna to resonance. Repeat tuning for closer adjustments by first 
adjusting the antenna coupling and then tuning to provide operation at half power. 

Audio adjustments. The foregoing voltage changes will effect the percentage 
modulation and this will need to be adjusted. The modulation power may be 
reduced by means of fixed pad attenuators, arranged in steps, through which the 
audio input from the line is coupled to the terminals of the input audio trans- 
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former. A sine wave modulating signal (pure tone of audio frequency) would 
be used for this purpose and the audio gain adjusted to give the same percentage 
-of modulation as before reducing the power. 

4.211. Question. What is the frequency tolerance allowed an interna- 
tional broadcast station? 

Answer. 0.005 per cent. 

4.212. Question. What is the required full-scale accuracy of the am- 
meters and voltmeters associated with the final radio stage of a broadcast 
transmitter? 

Answer. 2 per, cent. 

4.213. Question. Name and define the various classes of emissions which 
may be radiated by a radio transmitter. 

Answer. The emissions classified as types A and B are as follows: 


(1) Continuous waves: 

Type AO. Waves the successive oscillations of which are identical 
under fixed conditions. 

Type Al. Telegraphy on pure continuous waves. A continuous wave 
which is keyed according to a telegraph code. 

Type A2. Modulated telegraphy. A carrier wave modulated at one 
or more audible frequencies; the audible frequency or fre- 
quencies or their combination with the carrier wave being 
keyed according ‘to a telegraph code. 

Type A3. Telephony. Waves resulting from the modulation of a car- 
rier wave by frequencies corresponding to the voice, music, 
or to other sounds. 

Type A4. Facsimile. Waves resulting from the modulation of a car- 
rier wave by frequencies produced at the time of the scan- 
ning of a fixed image with a view to its reproduction in a 
permanent form. 

Type A5. ‘Television. Waves resulting from the modulation of a car- 
rier wave by frequencies produced at the time of the scan- 
ning of fixed or moving objects. 


(2) Damped waves: 

Type B. Waves composed of successive series of oscillations the 
amplitude of which, after attaining a maximum, decrease 
gradually, the wave trains being keyed according to a tele- 
graph code. 

Note. Emissions are classified in Article 5, General Radiocommunication Regulations, 
Revision of Cairo, 1938. 

4.214. Question. If a broadcast transmitter employs seven tubes of a 
particular type, how many spare tubes of the same type are required to be 
kept on hand in accordance with F.C.C. regulations? 

Answer. 3 spare tubes. 
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Note. The requirements regarding spare tubes are covered in the F.C.C. Standards of 
Good Engineering Practice, as follows: A spare tube of every type employed in the trans- 
mitter and frequency and modulation monitors shall be kept on hand. When more than one 
tube of any type is employed, the following table determines the number of spares of that 
type required: 


Number of each Spares 
type employed required 
1 or 2 1 
3)t0-9 2 
6 to 8 3 
9 or more 4 


4.215. Question. Describe the various methods by which a broadcast sta- 
tion may compute its operating power, and state the conditions under which 
each method may be employed. 

Answer. The direct and indirect measurements of operating power are applied 
as follows: 

Direct measurement of operating power. 

How determined: The antenna input power determined by direct measurement 
is the square of the antenna current times the antenna resistance at the point 
where the current is measured and at the operating frequency. 

Conditions governing use: Direct measurement of the antenna input power will 
be accepted as the operating power of the station provided the data on the antenna 
resistance measurements are submitted under oath giving detailed description of 
the method used and the data taken. The antenna current shall be measured by 
an ammeter of accepted accuracy. These data must be submitted to and approved 
by the Commission before any license will be authorized to operate by this method 
of power determination. The antenna ammeter shall not be changed to one of 
different type, maximum reading, or accuracy without the authority of the Com- 
mission. If any change is made in the antenna system, or any change made which 
' may affect the antenna system, the method of determining operating power shall 
be changed immediately to the indirect method. 

Indirect measurement of operating power. 

How determined: The operating power determined by indirect measurement 
from the plate input power of the last radio stage is the product of the plate 
voltage (E,), the total plate current of the last radio stage (Jp), and the proper 
factor (Ff) according to the type of modulation used, or 


Operating ,.power =-2, x J, GF 


Examples of the range of the efficiency factor, F, are: for stations employing 
plate modulation in the last radio stage F ranges from 0.70 to 0.80; for stations 
of all powers using low-level modulation it ranges from 0.35 to 0.65; for stations 
of all powers employing grid modulation in the last radio stage it ranges from 0.25 
to 0.35. (The efficiency factor, F, tables are given in F.C.C. Rules and Regu- 
lations 3.52.) 

Conditions governing use: The indirect measurement is used only on a tempo- 
rary basis in an emergency where the licensed antenna has been damaged or de- 
stroyed by storm or other cause beyond control of the licensee or pending com- 
pletion of authorized changes in the antenna system. ; 
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4.216. Question. What portion of the scale of an antenna ammeter having 
a square law scale is considered as having acceptable accuracy for use at 
a broadcast station? 

Answer. The portion from one-third to full scale, that is, the upper two-thirds 
of the scale. 


Note. Section 13 of the F.C.C. Standards of Good Engineering Practice in regard to the 
antenna ammeter scale reads: No scale division above one-third full scale reading (in amperes) 
shall be greater than one-thirtieth of the full-scale reading. (Example: An ammeter having 
a full-scale reading of 6 amperes is acceptable for reading currents from 2 to 6 amperes, 
provided no scale division between 2 and 6 amperes is greater than one-thirtieth of 6 amperes, 
or 0.2 ampere.) 


4.217. Question. Define: Amplifier gain, percentage deviation, stage am- 
plification, and percentage of modulation. Explain how each is determined. 

Answer. Amplifier gain. Amplifier gain may be defined as the ratio of the 
output to input signal voltage or power. It is determined by measurement of 
the input and output signal voltages of the amplifier, the gain being obtained by 
dividing the output voltage by the input voltage. Amplifier gain or signal voltage 
ratio of output to input is expressed in db gain. 

Percentage deviation. Percentage deviation is the amount of change from a 
standard value expressed in percentage. , It is determined by taking the amount of 
the deviation and dividing this amount into the standard value and then multiply- 
ing by 100 to express the deviation in percentage. 

Stage amplification. Stage amplification and amplifier gain are similar so far 
as expressing the ratio of output to input signal voltage, with the exception that 
stage amplification takes into account only a single stage whereas amplifier gain 
might compare the ratio of signal voltage or power of one amplifier to another. 
Stage amplification is determined by taking the ratio of the output and input signal 
voltage of the entire stage, which includes the tube or tubes within the Hei as 
well as the input and output coupling units of the stage. 

Percentage of modulation. Percentage of modulation rie ‘respect to an 
amplitude modulated wave means the ratio of half the difference between the 
maximum and minimum amplitudes of the amplitude modulated wave to the aver- 
age amplitude, expressed in percentage. An approved modulation monitor, re- 
quired in all standard broadcast stations, includes an indicating meter which is 
calibrated for modulation from 0 to 110 per cent and in decibels below 100 per 
cent with 100 per cent being 0 db. The meter is a d-c meter for setting the average 
rectified carrier at a specific value and to indicate changes in carrier intensity 
during modulation. Other instruments capable of determining percentage of 
modulation are the cathode-ray oscilloscope and vacuum-tube voltmeter, or voltage 
operated devices which do not absorb power of the signal energy under measure- 
ment. 

4.218. Question. Define an auxiliary broadcast transmitter and state the 
conditions under which it may be used. 

Answer. The term “auxiliary transmitter” means a transmitter maintained only 
for transmitting the regular programs of a station in case of failure of the main 
transmitter. 
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The auxiliary transmitter shall be maintained so that it may be put into imme- 
diate operation at any time for the following purposes: 

(1) The transmission of the regular programs upon the failure of the main 
transmitter. | 

(2) The transmission of regular programs during maintenance or modification 
work on the main transmitter, necessitating discontinuance of its operation for a 
period not to exceed 5 days. 

(3) Upon request by a duly authorized representative of the Commission. 
(F.C.C. Rules and Regulations 3.14 and 3.63.) 

4.219. Question. What is the purpose of using a frequency standard or 
service independent of the transmitter frequency monitor or control? 

Answer. An independent frequency standard provides a positive means of 
determining that the transmitter’s frequency is being maintained within the allow- 
able tolerance. The accuracy of the station’s frequency monitor can also be deter- 
mined. It is a rule of the Commission that certain stations make use of an inde- 
pendent means to check the frequency of emission. 

4.220. Question. Discuss the characteristics of a modulated class C am- 
plifier. 3 

Answer. Important characteristics of a modulated class C amplifier are linear 
operation, high efficiency, and large power output. With proper adjustments of 
plate tank circuit impedance and grid bias, usually about twice cutoff value, the 
operation of the stage can be made practically linear. This means that the r.f. 
in the plate circuit will vary substantially in direct proportion to the plate (modu- 
lation) voltage changes. A large r-f driving power is a requirement. The small 
angle of plate current flow due to the large bias used and the steep plate current 
pulses which are possible combine to provide high efficiency and large power output. 
, 4.221. Question. What is the purpose of neutralizing a radio-frequency 
amplifier stage? 

Answer, Neutralizing prevents self-oscillation in a radio-frequency amplifier. 
Overloading and unstable operation are undesirable effects which may result when 
an r-f amplifier breaks into oscillation. 

4.222. Question. When the authorized nighttime power of a standard 
broadcast station is different from the daytime power and the operating 
power is determined by the “indirect” method, which of the efficiency 
factors established by the F.C.C. rules is used? 

Answer. The efficiency factor for the maximum rated carrier power is used. 


Note. F.C.C. Rule 3.53 reads: In computing operating power by indirect measurement the 
above factors shall apply in all cases and no distinction will be recognized owing to the 
operating power being less than the maximum rated carrier power. 


4.223. Question. Describe the technique used in frequency measurements 
employing a 100-kilocycle oscillator, a 10-kilocycle multivibrator, a hetero- 
dyne frequency meter of known accuracy, a suitable receiver, and standard 
frequency emission. 

Answer, The three-oscillator method for frequency measurements is applied 
as follows: The receiver is used to pick up the standard frequency emission which 
is beat against the 100-kilocycle oscillator in the heterodyne frequency meter. The 
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multivibrator is used to give 10-kilocycle separation between 100-kilocycle points 
according to the results obtained.. The beat of the unknown frequency in the 
receiver is then transferred to the heterodyne frequency meter and is read on the 
dial by interpolation. Final step is to apply the correction factor of the hetero- 
dyne frequency meter to the observed dial reading. 

4.224. Question. What is the power specified in the instrument of au- 
thorization for a standard broadcast station called? 

Answer. “Licensed power” or “authorized power.” 

4.225. Question. What is the effect of 10,000-cycle modulation of a stand- 
ard broadcast station on adjacent channel reception? 

Answer. ‘Beats due to heterodyning result in interference and cross-talk. 

4.226. Question. What system of connections for a three-phase, three- 
transformer bank will provide maximum secondary voltage? 

Answer. The windings are connected “delta” primary and “Y” secondary. 
(See Question 2.234.) 

4.227. Question. Draw a diagram and describe the electrical character- 
istics of an electron-coupled oscillator circuit. 

Answer. See Figure 9. In an electron-coupled oscillator the oscillator section. 
of the tube is coupled into the plate circuit load only by means of the electron 
stream from cathode to plate in the tube. This provides a means of effectively 
isolating the plate from the oscillatory section so that plate circuit load changes 
have practically no effect on the tuned circuit constants. An oscillator of this type 
has excellent frequency stability. — 

4.228. Question. In frequency measurements using the heterodyne “zero 
beat” method, what is the best ratio of signal e.m.f. to calibrated heterodyne 
oscillator e.m.f.? 

Answer. A ratio of approximately one to ten, where the amplitude of the local 
oscillation is relatively large to minimize distortion. In linear detection of hetero- 
dyne signals the amplitude of the distortion frequencies is greatest when the two 
components of e.m.f. are of equal size. 


ELEMENT 5 
RADIOTELEGRAPH . 


5.1. Question. What is the meaning of “ampere turns”? 

Answer, “Ampere turns” is a practical term in use for referring to the magnet- 
izing force resulting from a flow of current through the turns of a coil. Ampere 
turns equals the product of the number of turns, N, and the current flow in 
ee saree Ampere turns = iV Gd. 

5.2. Question. What is the meaning of “electrolyte”? List four types 
of radio equipment in which it may be used. 

Answer. An “electrolyte” is a conducting medium in which the flow of electric 
current is accompanied by the movement of matter (A.I.E.E. definition). 

Practical meaning of electrolyte: An acid or alkaline solution is known as “electrolyte” 
when its use is associated with an electrical device. Four types of radio equipment which use 
electrolyte are: (1) Storage cell, (2) electrolytic condenser, (3) electrolytic rectifier, (4) 
electrolytic detector. 

5.3. Question. Name at least five pieces of radio equipment which make 
use of electromagnets. 

Answer. (1) Rotating machinery—motors and generators, (2) meters, (3) 
relays, (4) mechanical rectifiers, (5) reproducing devices—headphones and loud- 
speakers. 

5.4. Question. How many watts equal 1 horsepower? 

Answer. 746 watts. 

5.9 Question. What is the meaning of “residual magnetism”? 

Answer. Residual magnetism refers to the magnetic lines of force remaining 
in a substance after the magnetizing force has been removed.- 

5.6. Question. If two 10-watt, 500-ohm resistors are connected in series, 
what is the total power dissipation capability? 

Answer. 10+ 10 = 20 watts, total power dissipation capability. 

5.7. Question. A milliammeter with a full scale deflection of 1 milli- 
ampere and having an internal resistance of 25 ohms is used to measure an 
unknown current, by shunting it with a 4-ohm resistance. When the meter 
reads 0.4 milliampere, what is the actual value of current? 

Answer, 2.9 milliamperes. 

Solution: The proportion of current in the meter compared to the shunt is 
25 + 4, or 6.25 times more current in the shunt. The current in the shunt on 
full-scale deflection is equal to 6.25 times the meter’s full-scale current of 1 milli- 
ampere, or 6.25 X 1 = 6.25 milliamperes. Therefore, on full-scale deflection the 
total line current equals 7.25 milliamperes, of which 1 milliampere goes to the 
meter and 6.25 milliamperes to the shunt. If the meter now reads only 0.4 of its 
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full-scale value the current in the line is proportionately less, or 7.25 & 0.4 = 2.9 
milliamperes. 

Alternate method: Another way of working out and stating the above problem 
is as follows: The current in the. shunt is to the current in the meter as the resist- 
ance of the meter is to the resistance of the shunt, or 


By cross multiplying we get 
Lege DON an 


Insert the given values and let x stand for the current in the shunt, J,. Then 


O41 


or 
Ax = 25 
and 
25 Pa ; 
gineg 6.25 milliamperes, current in shunt. 


The total current in the line, Jtota1, on full-scale deflection is the sum of the two 
currents, J; and I; hence 


Total = Is + Im = 6.25 + 1 = 7.25 milliamperes 


Therefore, when the meter indicates only 0.4 of full-scale the current in the line, 
or actual current, is 7.25 X 0.4 = 2.9 milliamperes. 


5.8. Question. If two 10-watt, 500-ohm resistors are connected in parallel, 
what is the total power dissipation capability? 

Answer. 10+ 10 = 20 watts, total power dissipation capability. 

5.9. Question. What is the maximum current carrying capacity of a 
resistor marked “5,000 ohms, 200 watts’? 

Answer. O.2 ampere. 

Solution: Apply the watt formula in terms of current, or 


I= Ne = a = V0.04 = 0.2 ampere 

5.10. Question. What factors determine the heat generated in a conduc- 
tor carrying an electric current? 

Answer. In accordance with P = I?R, the factors which determine the heat 
generated in a conductor are the current squared and the resistance. In turn, 
the resistance depends upon the kind of material and area of the conductor. 

5.11. Question. Two resistances of 18 and 15 ohms are connected in 
parallel, and in series with this combination is connected a 36-ohm resist- 
ance; in parallel with this total combination a 22-ohm resistance. The total 
current flowing through the combination is 5 amperes. What is the current 
value in the 15-ohm resistance? 

Answer. The current in the 15-ohm resistance is 0.908 ampere. 
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Solution: Each combination in turn should be reduced to its effective resistance 
until the total effective resistance of the circuit is determined. This value and 
the total current, which is a given value, are then used in Ohm’s law to determine 
the voltage drop across the total circuit. From this voltage drop the current 
through each resistor may be found as follows: 


Resistance of 18- and 15-ohm parallel combination 


Bee cals 
OBE 45 


= 8.18 ohms 


Resistance of 18- and 15-ohm parallel combination in series with 36 ohms. 
R = 8.18 + 36 = 44.18 ohms 
Resistance of the above combination, 44.18 ohms, in parallel with 22 ohms, 


44.18 K 22 E : 
Ki 14.18 4 22 = 14.66 ohms, total effective resistance 


Voltage applied to the total combination of 14.66 ohms, 
&B=IXR=5 X 14.66 = 73.3 volts 


Current flow through the 44.18-ohm combination consisting of the 36 ohms in 
series with the 18- and 15-ohm parallel branch, 


= — = —— = 1.664 amperes 


Voltage drop across the 18- and 15-ohm parallel combination, 
E=IXR = 1.664 X 8.18 = 13.62 volts 


Current through the 15-ohm resistance, 
I == = —— = 0.908 ampere 


5.12. Question. What method is used to obtain more than one value of 
voltage from a fixed voltage d-c source? 

Answer. A voltage divider or a potentiometer may be connected across the 
fixed d-c source to take off intermediate values of voltage. 

5.13. Question. Two resistors are connected in series. The current 
through these resistors is 3 amperes. Resistance number one has a value 
of 50 ohms; resistance number two has a voltage drop of 50 volts across 
its terminals. What is the total impressed e.m.f.? 

Answer. The total impressed voltage is 200 volts. 


Calculation: The total impressed voltage equals the sum of the separate voltage drops. One 
of the voltage drops is a given value, or 50 volts, and the other is found by applying Ohm’s 
law, E = IX R=3> 50 = 150 volts; therefore 150 + 50 = 200 volts. 
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5.14. Question. A circuit is passing a current of 3 amperes. The internal 
resistance of the source is 2 ohms. The total external resistance is 50 
ohms. What is the terminal voltage of the source? 

Answer. The terminal voltage of the source is 150 volts. 


Calculation: When the circuit is passing current the terminal voltage of the source is the 
same (neglecting voltage drop in the wiring) as the voltage drop across the load, or 
E=Ix<R=3>50=150 volts. The internal voltage drop of the source is 3 & 2 = 6 volts. 


5.15. Question. A 10,000-ohm 100-watt resistor, a 40,000-ohm 50-watt re- 
sistor, and a 5,000-ohm 10-watt resistor are connected in parallel. What is 
the maximum value of total current through this parallel combination 
which will not exceed the wattage rating of any of the resistors? 

Answer. The maximum value of total current is 0.0725 ampere. 


Calculation: The problem calls for determining the voltage to be applied to the three 
resistors in parallel so that the current through any resistor will not cause its wattage rating 
to be exceeded. If the 5,000-ohm resistor is worked at its full rating of 10 watts by applying 
a certain voltage to its terminals, the other two resistors, being in parallel and having higher 
resistances and higher wattage ratings, will be worked under their wattage ratings. Proceed 
to find the current through the 5,000-ohm resistor; thus 


fee Bong 
= is 5,000 = VU. ampere 


The current just determined is used to find the voltage applied to all the resistors in parallel, or 
E=IXR = 0.0447 X 5,000 = 223.5 volts 


The currents through the remaining two resistors are 


[= = = a = 0.02235 ampere 
R_ 10,000 
and 
Pa 22935 
[= res 40,000 = 0.0055 ampere 


The total current through the parallel combination is 
Total = 0.0447 + 0.0223 + 0.0055 = 0.0725 ampere 


5.16. Question. What is the ratio of peak to effective voltage values of 
a sine wave? 


1 
Rorittd tat 
0.707’ i 


Answer. The ratio is 


5.17. Question. If a d-c voltmeter is used to measure effective alternating 
voltages by the use of a bridge type full-wave rectifier of negligible resist- 
ance, by what factor must the meter readings be multiplied in order to give 
corrected readings? 

Answer. The factor 1.11 is used to give corrected meter readings. 


Discussion. The meter in a rectifier circuit responds to the d.c. or average value of the 
rectified output. Assuming the wave form sinusoidal and the maximum value, Emax, then the 
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reading of the voltmeter for a full-wave rectification is equal to 0.636Emax; calling this 
reading Vm, 
\ fis = 0,686 Finax 


but 
Emax = \/2Erms, where Epus = the effective value of voltage, 
and ‘ 
Var 0.636(+/2)Ermus = 0.9Erus 
or 


i 
E =— VV, =111V, 
RMS 0.9 m 


Accordingly, if the meter readings are each multiplied by 1.11, then the resulting values 
represent the corrected or RMS values ‘of the a-c voltage. 


5.18. Question. By what factor must the voltage of an a-c circuit, as 
indicated on the scale of an a-c voltmeter, be multiplied in order to obtain 
the average voltage value? 

Answer. An a-c voltmeter gives the effective voltage, and this value must be 
multiplied by 0.9 to give the average voltage. 

5.19. Question. By what factor must the voltage of an a-c circuit, as 
indicated on the scale of an a-c voltmeter, be multiplied in order to obtain 
the peak value? 

Answer. The factor to use is 1.41. 

5.20. Question. What is the ratio of peak to average value of a sine wave? 


1 
Answer. The ratio of peak to average value of a sine wave is = 0.636° 1.57 
tote MenCe ne yank ee te Oe 


5.21. Question. What is the meaning of the term “phase difference”? 

Answer. In an electrical circuit “phase difference” means that the voltage and 
current do not reach maximum and minimum values at the same instant, or 
comparing the events over a full cycle of current and voltage, a difference in phase 
means that certain points on a current wave compared relatively to similar points 
on a voltage wave are occurring either ahead or behind each other and not at the 
same instant. 


Standard electrical definition of phase difference: The phase difference between two sinu- 
soidal quantities which have the same time period is the fractional part of a period (not greater 
than one-half) through which the independent variable must be assumed to be advanced with 
respect to only one of the quantities in order that similar values of the fundamental components 
of the two quantities shall coincide. (The American Standard Definitions of Electrical Terms, 
sponsored by the A.I.E.E.) 


5.22. Question. What is the meaning of the term “leading power fac- 
tor”? 

Answer. A circuit containing only resistance and capacitance is said to have 
a leading power factor because the current leads the resultant voltage. In a circuit 
of this kind the entire power input is dissipated in the resistance part of the circuit 
since the condenser does not consume any energy. 

5.23. Question. The product of the readings of an a-c voltmeter and 
ammeter in an a-c circuit is called what? 
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Answer. The product of a-c voltmeter and ammeter readings is called the 
“apparent power” or “volt-amperes.” 

5.24. Question. In what units is an alternator output ordinarily rated? 

Answer. The power output. of large alternators is rated in volt-amperes, or 
kilovolt-amperes. These become watt and kilowatt ratings respectively when the 
power factor is unity. The watt is used for small a-c machines. 

5.25. Question. Define “power factor.” 

Answer. “Power factor” is the ratio of active power to apparent power. 

5.26. Question. What is the total inductance of two coils, connected in 
series but without any mutual coupling? 

Answer. The total inductance is equal to the sum of the two separate induct- 
ances without any mutual coupling. 


Discussion. The total inductance of two coils in series with mutual inductance between 
them 1s given by Liotar = Li+L22+2M. In this case M=0. Therefore Liotar = Li + Lo. 


5.27. Question. What is the total inductance of two coils, connected in 
parallel but without any mutual coupling? 

Answer. The total inductance of two inductances’ in parallel is the product of 
the two inductances divided by their sum, assuming there is no mutual coupling 
between them. 

Discussion. In considering the equivalent inductance of two coils in parallel we will make 


the assumption that the resistance of the individual coils is negligible in comparison with 
their reactances Xi and X2, that is, their Q values are high. Under these conditions 


ue oe maa Kua ge) i Lilie 
SS ee SS ee 6 eee 
OG ats we mee) OF in a8) Li + Le 
but 
X =wl, where L = equivalent inductance, 
and w = 2rf. 
Therefore 
Ink 
ol =o ae 
Ii + Le 
or 
IyL5 
L; + Le 


Hence, the equivalent (or total) inductance of two inductances in parallel is the product over 
the sum of the individual inductances, assuming there is no mutual between them. Note that 
if the coils have appreciable resistance the equivalent inductance is not independent of frequency 
as in the above case. 


5.28. Question. A series inductance, acting alone in an alternating cur- 
rent circuit, has what properties? 

Answer. A series inductance tends to oppose a change in the value of the cur- 
rent which has the effect of decreasing the power factor of the circuit. An in- 
ductance causes the current to lag the voltage by 90°. Its resistance to an alternat- 
ing current is known as inductive reactance, which is measured in ohms. The 
inductive reactance varies directly with the frequency of the alternating current. 
A counter e.m.f. is generated in the turns of an inductance by the action of the 
varying magnetic lines associated with the alternating current. 
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5.29. Question. What is the total reactance of a series a-c circuit con- 
taining no resistance but has equal values of inductive and capacitive re- 
actance? 

Answer. The total reactance is zero. 


Discussion. The total reactance of reactances in series is equal to their algebraic sum. 
For the case at hand 
Xtotal = Xt + Xe 


Let A = numerical value of each reactance 
Xz, = +A (inductive) 


Xo = —A (capacitive) 
Therefore 
Xiotal = Xn, +Xc =A—AH=O 


The total reactance is zero, and therefore the circuit is resonant. 


5.30. Question. What is meant by the “fly-wheel” effect of a tank circuit? 

Answer. The expression “fly-wheel effect” refers to a tank circuit receiving 
excitation from a pulse of plate current and carrying on the oscillation to the next 
plate current pulse. Since a tank circuit is an oscillatory circuit consisting of 
inductance and capacity (coil and condenser) it will generate oscillations for a 
time after being set into excitation. This is because of the transference of energy 
from electromagnetic form to electrostatic form, and vice versa. 

5.31. Question. What may be the effects of shielding applied to radio- 
frequency inductances? 

Answer. Shielding a radio-frequency inductance has the effect of reducing the 
inductance value of the coil, reducing the Q of the coil, and increasing the distrib- 
uted capacity of the coil with respect to the shield. 

5.32. Question. What is the effect on the resonant frequency of connect- 
ing a capacitance in series with an antenna? 

Answer. The resonant frequency is increased by the use of a series capacitance, 
which has the effect of decreasing the capacitance of the antenna system. 

5.33. Question. What is the total impedance of a capacitance and in- 
ductance having equal values of reactance, when connected in parallel? 

Answer. The equivalent impedance is resistive and equal to infinity. 

Discussion. When equal but opposite reactances are connected in parallel their total sus- 
ceptance is equal to zero. This assumes that the resistances unavoidably associated with the 
coil and condenser are negligible, that is, their Q’s are high. Under siich conditions the 
circuit is in resonance and the total reactance is zero. 

An interesting practical state of parallel resonance exists in the combination of a coil whose 
constants are Le and R. and the high QO value tuning condenser C. This constitutes the 


familiar “tank” circuit. 
Refer to the tank circuit given in Figure 95 


where L, = effective inductance, 
R, = effective resistance, 
C = capacitance. 


Yo = £o — joo = gn +8. —i(br +) (general form of admittance) 
At resonance 
bb = bs +h = 0 (net or total susceptance = 0) 
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L, = EFFECTIVE INDUCTANCE 
R, = EFFECTIVE RESISTANCE 
C = CAPACITANCE 


Fic. 95. Problem in a-c circuit theory. 


Hence, 
ace Be EL “i (the total admittance becomes 
R, oy equal to the total conduct- 
Yo ere +-0 ance at resonance) 
Accordingly 
1 RZ a we Le" we Le? 
l Yo R, € Re ( ) 
= Re + QwLe 
where 
AE. OL 
Q i a 
Reg) i Re 
If the Q is reasonably high 
Zy =. QoL Zhe, MACOS (2) 
= = — c 
i we a CR, at resonance 


Equation 1 for any value of Q and Equation 2 for Q values of the order of 10 or greater give the 
equivalent parallel impedance at resonance of a coil and condenser combination. In general 
this equivalent impedance is high, particularly if the Q is high, in which case the values, QwL, or 


ae , are most conveniently used. At resonance this impedance is resistive and has no X or 
z 
reactive component. For the ideal case of two equal but opposite reactances as stated in this 


xX 
problem the equivalent impedance is resistive and equal to infinity (c = i = 2) but the 
€ 


reactance is zero. 
_ Note. For additional theory see answers to Questions 3.28, 4.1, and 4.24. 


5.34. Question. What factors determine the efficiency of a power trans- 
former? 

Answer. ‘The efficiency of a power transformer depends upon the following 
factors: 

Load ; power factor of load. 

Extent of principal losses; copper losses, eddy currents, and hysteresis. 

Flux density of magnetic circuit; core material and core form. 

Leakage reactance of windings. 

5.35. Question. What factors determine the no-load voltage ratio of a 
power transformer? 
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Answer. The turns ratio determines the voltage ratio of a power transformer 
under no-load conditions. The voltages of the primary and secondary are in 
direct ratio with their respective turns, as given by 

Ep _ Np 


— =—, where EL 
ya Ns 


voltage, 
N = number of turns. 


5.36. Question. What factors determine the ratios of primary and sec- 
ondary currents in a power transformer? 

Answer. The turns ratio is the principal factor governing the current ratio; 
the size of the conductors also has some effect on the ratio. The primary and 
secondary currents are approximately in the inverse ratio of the primary and 
secondary turns, as given by 


i 
mA aS os , where J = current, 
s Pp N = number of turns. 


5.37. Question. A radio receiver has a power transformer and rectifier 
designed to supply plate voltage to the vacuum tubes at 250 volts when 
operating from a 110-volt 60-cycle supply. What will be the effect if this 
transformer primary is connected to a d-c source? 

Answer. The primary would overheat owing to its low d-c resistance and pos- 
sibly burn out unless some current overload protection were provided. 

5.38. Question. What is the relationship between the turns ratio and 
the impedance ratio of the windings of a transformer? 

Answer. The turns ratio squared is equal to the impedance ratio, as given by 


Za nice aaZe 

5.39. Question. Why should the cathode of an indirectly heated type of 
vacuum tube be maintained at nearly the same potential as the heater cir- 
Cuice 

Answer. The cathode and the heater wire are spaced relatively close, and a 
condition of voltage breakdown between them causing electron leakage from the 
cathode is a remote possibility when they are operated at nearly the same potential. 

5.40. Question. Why is it impracticable to reactivate oxide-coated fila- 
ment vacuum tubes? : 

Answer. The operation of the tube depends upon the emission properties of 
the oxide coating and when this is lost or weakened through use there is nothing 
to be gained by reactivation since the filament wire itself is inadequate for the 
purpose. 

5.41. Question. What types of vacuum tube emitting surfaces respond 
to reactivation? 

Answer. Thoriated-tungsten filaments because the electron-emitting material is 
distributed throughout the wire and not merely coated on the surface of the wire. 

5.42. Question. Describe how reactivation may be accomplished. 

Answer. Thoriated-tungsten filaments are the only kind that may respond to a 
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reactivation treatment, which consists of flashing the filament for a brief period to 
increase the heat and cause greater electron agitation within the material. This 
is known as diffusion, or boiling out process, and results in many electrons being 
driven out toward the surface, forming a surface layer which makes these electrons 
available for emission. While a general method is used for reactivation, yet there 
is a great variance of opinion regarding the exact values of excess filament voltage 
and length of time of flashing to be used. One procedure is as follows: Remove 
all voltages from the tube except the filament voltage and adjust this voltage to 
three times the normal value. Flash for about 20 to 30 seconds and then follow 
by operating the filament at a reduced glow for about 30 to 60 minutes with the 
voltage held at 25 to 40 per cent above normal. This severe treatment may burn 
out some filaments so is not always successful. 

5.43. Question. Is a tungsten filament operated at higher or lower tem- 
peratures than a thoriated filament? Why? 

Answer. A tungsten filament is operated at a higher temperature than the 
thoriated type because the electron emission of tungsten at low temperatures is 
inadequate. | 

5.44. Question. What is indicated when a blue glow is noticed within a 
vacuum tube envelope? 

Answer. A blue glow indicates the presence of gas in the tube. 

5.45. Question. What is the function of the grid-leak in a “grid-leak 
type detector”? 

Answer. The high-resistance path supplied by the grid-leak through which elec- 
trons accumulated at the grid slowly return to cathode results in a negative poten- 
tial being maintained at the grid which more or less automatically adjusts itself 
according to the signal and this action keeps the working point at the bend of 
the E,—I, characteristic curve where rectification occurs. 

5.46. Question. What effect does an incoming signal have upon the value 
of the plate current of a grid-leak type of detector vacuum tube? 

Answer. An incoming signal causes the average change of the plate current to 
vary below its normal value. 

5.47. Question. What effect does an incoming signal have upon the value 
of plate current of a “power” detector tube? 

Answer. An incoming signal causes the average change of the plate current to 
vary above its normal value. 

5.48. Question. Why is it sometimes necessary to provide a radio-fre- 
quency filter in the plate circuit of a detector tube? 

Answer. To improve the beat-note reception of telegraph signals when the 
detector is in an oscillating condition. The filter C provides a low reactance path 
for r.f. between plate and cathode in the detector output; this r-f path is in shunt 
with the high impedance a-f circuit connected in the tube’s output. The filter 
choke prevents r-f voltages from building up across the audio impedance in the 
plate circuit. | 

5.49. Question. Explain how “power” detection is accomplished. 

Answer. Power detection, or plate detection, requires the use of high plate 
voltage and the bias adjusted at almost plate-current cutoff value so that the posi- 


a 
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tive half cycles of the signal wave will cause steep plate current pulses, the average 
of which follows the modulation envelope, or audio component. This average 
plate current change represents the audio signal, and by working the tube over 
a long straight portion of its characteristic a reasonably large average above normal 
value is obtained. 
5.50. Question. Explain how “grid-leak” detection is accomplished. 
Answer. A high resistance grid leak is shunted by a condenser of small capaci- 
tance, forming an R-C combination which is connected to the detector grid. An 
incoming signal acting across the condenser charges the grid end of the condenser 
to peak values on the positive half cycles, which causes the grid to accumulate 
electrons in impulses, known as rectified grid current. The slow rate of flow of 
electrons returning to the cathode through this high resistance leak results in a 
voltage drop across the leak and condenser combination which varies with the 
wave shape of the modulation envelope, or audio component. Since the audio 
frequencies appear as a separate voltage component on the grid they are amplified 
in the usual way in passing through the tube. The r-f component in the plate 
circuit is bypassed from plate to cathode through a condenser. See Question 2.160. 
5.51. Question. Explain how “diode” detection is accomplished. 
Answer. The operation is fundamentally one of a rectifier employing two 
electrodes, plate and cathode. In this circuit the plate current is sent through a 
resistor, shunted. by a condenser, connected in series to the cathode with the plate 
excitation supplied by the signal current in a tuned r-f circuit connected to the 


~ plate and resistor-condenser combination. Plate current flows only on the positive 


half cycles of the signal so that the condenser charges to peak values during plate 


current pulses and discharges through the resistor during the negative halves when — 


no plate current is drawn. This action causes the condenser’s voltage to vary and 
follow closely the modulating frequency and amplitude, that is, the audio com- 


* 


ponent of the received signal appears as a voltage at the condenser terminals. ° 


This audio voltage is passed along to the grid of the following audio amplifier. 

5.52. Question. What is the principal advantage of transformer coupling 
compared to resistance coupling, as used in audio-frequency amplifiers? 

Answer. A greater gain per stage may be obtained with transformer coupling 
than with resistance coupling because the voltage ratio of a transformer can be 
made higher than one to one, whereas with resistance coupling the maximum is 
one to one. ‘ 

5.53. Question. Why is it necessary to use two tubes in a class B audio 
amplifier? . 

Answer. Two tubes are required in a class B audio stage to reproduce the full 
audio cycle, or else serious distortion would result. In class B operation the tubes 
are biased at cutoff and therefore each tube can amplify only alternate half cycles 
to produce the full wave in the output. 

5.54. Question. What are the advantages of push-pull audio amplifica- 
tion as compared with single-ended amplification? 

Answer. Push-pull operation of an audio stage gives several advantages as 
follows: . 

(1) Second and other even harmonics are effectively cancelled. 
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(2) Saturation of the core of the output transformer is minimized. 

(3) Greater undistorted power output. 

(4) Less filtering of the power supply is necessary under similar conditions of 
permissible hum level. 

5.55. Question. Why is it not feasible to employ a vacuum tube operated 
class C as an audio amplifier, either singly or in push-pull? 

Answer. A highly distorted audio wave shape would result because a full audio 
cycle cannot be reproduced in the output of an audio stage operated class C since 
the grids are biased beyond cutoff. The plate circuit of an audio amplifier is not 
oscillatory, that is, there is no “fly-wheel” effect by which a full cycle might be 
obtained in the output when the grid receives excitation for less than 180° of 
the input cycle as in class C operation. A class C amplifier is fundamentally a 
radio-frequency amplifier. 

5.56. Question. Why is an audio transformer seldom employed as the 
output device to be used in the plate circuit of a tetrode audio-amplifier 
stage? 

Answer. The tetrode has inherently a high plate resistance, which makes it 
difficult to obtain a proper impedance match with an audio transformer. For ade- 
quate low-frequency response, the primary open circuit inductance would have to 
be so high as to be impracticable, or at any rate comparable to that of the second- 
ary, so that for a reasonable band width the step-up would be hardly greater than 
fonity ori: 1. 

5.57. Question. If a final radio-frequency amplifier, operated as class B 
linear, were excited to saturation with no modulation, what would be the 
effect when undergoing modulation? 

Answer. Serious distortion would result in both the grid and the plate circuits. 
When undergoing modulation the positive peaks of the excitation wave would be | 
greatly reduced in amplitude by the voltage drop resulting from the large grid cur- 
rent drawn on these peaks. The plate current pulses would be driven into the 
region of saturation, causing additional alteration of the wave shape through the 
flattening of the upward peaks. 

5.58. Question. Under what “class” of amplification are the vacuum tubes 
in a linear radio-frequency amplifier stage following a modulated stage 
operated? 

Answer. The stage following the modulated stage is operated class B in order 
to avoid the introduction of distortion. The stage is preferably operated double- 
ended. A class B stage using a single tube depends on the “fly-wheel” effect of 
the tank circuit to insert the half cycle of the signal which is beyond cutoff; the 
double-ended stage permits each tube to work on a half cycle. However, in either 
case, single tube or double-ended, the output of a class B r-f stage gives an ampli- 
fied reproduction of the input wave. A stage operating class A would not be 
used because of its low efficiency. A stage operating class C, either single tube 
or double ended, would discriminate against low power frequencies because of the 
bias beyond cutoff, which would not permit low level signals to cause any plate 
current flow. 
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5.59. Question. What class of amplifier should be employed in the final 
amplifier stage of a radiotelegraph transmitter for maximum plate effi- 
ciency? 

Answer. Class C. 

5.60. Question. Discuss the effects of insufficient radio-frequency excita- 
tion of a class C modulated radio-frequency amplifier in so far as the output 
signal wave form is concerned. 

Answer. The principal effect is serious distortion of the wave shape resulting 
from flattening of the downward peaks of plate current during the negative halves 
of the modulation envelope. Other effects are a positive carrier shift and a 
decrease of antenna current with modulation. 

5.61. Question. What factors are most important in the operation of a 
vacuum tube as a frequency doubler? 

Answer. In the operation of a frequency doubler it is essential to provide suffi- 
cient bias voltage, sufficient driving power or r-f excitation, sufficient plate voltage, 
and tune the plate tank circuit to twice the frequency of the grid exciting voltage. 
A bias voltage higher than usual for class C operation, or approximately 2.5 times 
cutoff, will increase the harmonic output of the doubler. The driving power and 
plate voltage must be comparatively high, but it is not necessary to operate the 
tube at the saturation point. A plate circuit tank with a low C value is another 
factor of importance. This is because a frequency doubler depends upon the fly- 
wheel effect to carry on the oscillation between short plate-current pulses and a 
measure of the fly-wheel effect is the ratio of volt-amperes in the tank to the 
power delivered by the tube. 

5.62. Question. What is the primary purpose of the suppressor grid of 
a pentode tube? | 

Answer. The suppressor grid is used to minimize secondary emission effects, 
which in turn removes the plate-current limitation of a tube. 

5.63. Question. What is the primary purpose of the screen grid of a 
tetrode? 

Answer. The primary purpose of the screen grid is to reduce interelectrode 
capacitance between plate and control grid to a negligible value, which effectively 
eliminates feedback in the tube. 

5.64. Question. What is the primary purpose of the control grid of a 
triode? 

Answer. The primary purpose of the control grid of a triode is to provide 
amplification of a signal; the signal voltage is applied to the control grid, which 
varies a comparatively large amount of plate current. 

5.65. Question. A triode transmitting tube operates with a plate voltage 
of 1,250 volts, filament voltage of 10 volts, filament current of 3.25 amperes, 
and plate current of 150 milliamperes. The amplification factor is 25. 
What value of control grid bias must be used for operation as a class C 
stage? 

Answer. A bias of approximately —125 volts should be used. 


Calculation: Note that several values are given in the statement of the question but only 
two of them are needed, namely, the plate voltage and amplification factor. However, some 
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value of plate-current cutoff is to be approximated for class C operation; let 2% times cutoff 
be the recommended value. Applying this factor in the following formula will give the 
approximate bias voltage, thus 


—K, = ee X 2.5 = see X 2.5 = —125 volts 
yu 25 

5.66. Question. Name four materials which can be used as “crystal” 
detectors. 

Answer. Galena, silicon, bornite-zincite, and carborundum. 

5.67. Question. Why do headphone receivers usually have high imped- 
ance windings? | 

Answer. Headphone windings usually have a large number of turns (ampere- 
turns) so that a small current will produce a comparatively large flux to act on 
the diaphragms. In certain applications, such as in emergency service on ship- 
board, the headphones must operate on very feeble currents from a simple crystal 
detector circuit without the benefit of tubes and their amplification. A large num- 
ber of turns necessarily gives the winding a high impedance. The d-c resistance 
of high-impedance headphones in most common use is about 2,000 ohms. The 
high-impedance type of headphones are especially adapted for use directly in the 
plate circuit of a vacuum tube because in this application they serve not only to 
reproduce the signal but also to provide the necessary high-impedance load in the 
plate circuit ; the impedance matching requirements with respect to the tube’s plate 
resistance and the load are satisfied sufficiently for all practical purposes. 

5.68. Question. What are the objections to the operation of a regenera- 
tive, oscillating detector receiver when directly coupled to an antenna? 

Answer, An oscillating detector radiates a wave which may cause interference 
by heterodyning in the circuits of nearby receivers. In effect a regenerative re- 
ceiver with its detector oscillating is like a miniature transmitter. 

5.69. Question. What controls determine the selectivity of a three-cir- 
cuit receiver ? 

Answer. The selectivity of a three-circuit receiver is governed by the antenna 
coupling, primary and secondary tuning, and the regeneration control. 

5.70. Question. A superheterodyne type receiver is adjusted to 2,738 
kilocycles. The intermediate frequency is 475 kilocycles; what is the fre- 
quency to which the grid circuit of the second detector must be tuned? 

Answer. 475 kilocycles. 

5.71. Question. Explain the reasons why a superheterodyne receiver 
may not be successfully used for reception of frequencies very near the 
frequency of the intermediate-frequency amplifier. 

Answer. The receiver used in this way would not discriminate between fre- 
quencies close to the intermediate frequency. In effect the receiver would be - 
equivalent to one with several untuned stages of amplification because such signals 
may be picked up directly on the wiring of the i-f stages. 

5.72. Question. A superheterodyne receiver, having an intermediate fre- 
quency of 465 kilocycles and tuned to a broadcast station on 1,450 kilocycles, 
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is receiving severe interference from an “image” signal. What is the fre- 
quency of the interfering station? 
Answer. The interfering, or image, frequency is 2,380 kilocycles. 


Calculation: On the assumption that the oscillator frequency tracks higher than the desired 
signal frequency, the oscillator frequency will equal the sum of the desired signal frequency 
and the intermediate frequency, or 1,450-+ 465 = 1,915 kilocycles, oscillator frequency. The 
image frequency is 465 kilocycles above the oscillator frequency, or 1,915 + 465 = 2,380 kilo- 
cycles, image frequency. In other words, the image frequency is equal to the sum of twice the 
intermediate frequency and the desired signal frequency, or (2 & 465) + 1,450 = 930+ 1,450 = 
2,380 kilocycles, image frequency. 


5.73. Question. A superheterodyne receiver is tuned to 1,712 kilocycles 
and the intermediate frequency is 456 kilocycles. What is the frequency of 
the mixer oscillator? 

Answer. 2,168 kilocycles is the mixer oscillator frequency. 


Calculation: Assuming the oscillator frequency to track higher than the desired signal fre- 
quency, it is only necessary to add the intermediate frequency to the desired signal frequency 
to find the oscillator frequency, or 456 + 1,712 = 2,168 kilocycles. 


5.74. Question. Describe the “superregenerative” receiver. 

Answer. First it is to be mentioned that the main limitation of a regenerative 
receiver is that during the reception of modulated signals when the regeneration 
is increased and the gain becomes worth while the detector suddenly breaks into 
oscillation and destroys the signal. The superregenerative principle is to use this 
tremendous gain by introducing: into the grid circuit a second frequency above 
audibility, which allows the signal oscillations to build up through the high-gain 
region, stops or quenches them momentarily, and starting over again the action is 
repeated so fast that the interruptions are unnoticed and only the strongly amplified 
signal is heard. Therefore, to accomplish this purpose the superregenerative de- 
tector oscillates at two widely different frequencies, the quenching frequency and 
the signal frequency. In one circuit arrangement the detector consists of a tuned 
grid and plate tickler oscillator circuit working at a superaudible rate, or quench- 
ing frequency, say about 30,000 cycles, coupled into an oscillatory circuit working 
at the signal frequency. 

5.75. Question. Why are the unused portions of inductances in receivers 
usually shorted? } 

Answer. Shorting the unused turns is called “dead-ending” the coil, which is 
done to minimize losses. Short-circuiting the unused turns prevents the forming 
of subsidiary resonant circuits. 

5.76. Question. What is the “mixer” tube in a superheterodyne? 

Answer. The mixer tube in a superheterodyne is that tube in which the oscil- 
lator frequency and the signal frequency are combined to produce the intermediate 
frequency. The radio frequency representing the incoming signal is converted 
to a lower order of frequency, or intermediate frequency, and because of this 
frequency conversion the mixer tube is also known as the first detector, or con- 
verter tube. 


Discussion. The input circuit of the mixer tube receives two voltages of different fre- 
quencies, the local oscillator voltage and the r-f signal voltage. As these voltages beat, or 
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heterodyne, in the tube a plate current results which contains the two frequencies and in addi- 
tion numerous other frequencies which represent the sum and difference of the frequencies. 
The output, or plate circuit, is tuned to select only the beat frequency which is equal to the 
difference between the oscillator frequency and the signal frequency; this beat frequency is 


the intermediate frequency. 

5.77. Question. What is the purpose of a tuned radio-frequency amplifier 
stage ahead of the mixer stage of a superheterodyne receiver? 

Answer. The primary reason for adding a preselector stage ahead of the mixer 
stage is to eliminate image frequency response. The additional tuned circuits and 
stage of amplification improve the selectivity and sensitivity of the receiver. Radi- 
ation of the local oscillator frequency is prevented by the radio amplifier stage. 

5.78. Question. What is the advantage of using iron cores of special con- 
struction in radio-frequency transformers and inductances? 

Answer. The special powdered-iron cores, or cylinders, provide an effective 
means for adjusting band-width and variable reactance tuning, also called perme- 
ability tuning. Tuning of tank circuits may be accomplished without the use of 
variable condensers, which are possible sources of trouble, especially in marine type 
transmitters, for example, from accumulation of dust and moisture between plates, 
shorting of plates, possibility of arc-over, and so on. High-stability fixed mica 
condensers can be used and the coils tuned by varying the inductance through 
adjustment of the iron core. Thus, iron core tuning makes it possible to design 
circuits that mechanically are very compact and without the need of sliding con- 
tacts. See answer to Question 6.10. 

5.79. Question. If signals are heard with the headphones plugged into 
the detector plate circuit of a receiver but no signals are heard when phones 
are plugged into the first audio-frequency amplifier stage plate circuit, what 
might be the cause and how could it be remedied? 

Answer, The trouble might be caused by improper contact through the inner 
leaves of the double-circuit jack in the detector output, or the first a-f transformer 
may be open-circuited in one of the windings. Other possibilities are a defective 
audio tube, no audio plate voltage, open circuit conditions from poor contacts in 
the audio tube socket or phone jack, or open connection to the audio grid bias 
source. Trouble in the socket or phone jacks should be corrected by cleaning and 
careful adjustment of spring contacts. A defective transformer should be re- 
placed by an equivalent part; or lacking a transformer, temporary coupling could 
be improvised if spare high-resistance leaks and a coupling condenser were on 
hand. 

5.80. Question. Name three causes of an audio “howl” in a regenerative 
receiver. 

Answer. An audio howl might be caused by an open grid-leak, microphonic 
tube, excessive regeneration, or plate voltage too high. 

5.81. Question. Name four reasons which would prevent a regenerative 
receiver from oscillating. 

Answer. Low plate voltage, low filament voltage, low emission tube, reversed 
tickler coil connections. 

5.82. Question. What is the advantage of heterodyne reception as com- 
pared with autodyne reception? 
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Answer. Sensitivity is slightly increased in the heterodyne method of beat 
reception. 

5.83. Question. How is “automatic volume control” accomplished in a 
receiver? : | 

Answer. In a system of automatic volume control the circuit is arranged so 
that the incoming signal after being amplified in the r-f stages is passed through 
a rectifier (diode) with suitable filters for separating the r-f and a-f components. 
The rectified radio-frequency current in flowing through a resistor, shunted by a 
condenser, sets up a d-c voltage which is proportional to the current; the grid 
returns of the r-f amplifiers connect to the negative potential end of this resistor, 
and therefore changes of current intensity through it will vary the bias and 
control the amount of amplification. If the signal level should increase, a larger 
current flows in the resistor, which increases the bias and lowers the amount of 
amplification; a reduction of signal strength decreases the bias, which allows a 
greater amplification. Hence, as the signal goes up or down the change of bias 
on the r-f stages automatically keeps-the volume at a constant level. 

5.84. Question. What is a “crystal filter” as used in a superheterodyne 
receiver? , 

Answer. A filter utilizing the high Q properties of a quartz crystal to give 
the filter circuit very sharp filtering action so that only frequencies very close to 
the intermediate frequency for which the crystal is ground will pass through to 
the second detector. The crystal filter is usually connected between the last inter- 
mediate-frequency stage and the second detector. It provides a highly selective 
i-f system advantageous for telegraphic reception, which often requires sharp 
discrimination against signals close to the desired one; this is commonly called 
single-signal reception. 

5.85. Question. How may “image response” be minimized in a super- 
heterodyne receiver? 

Answer. By the addition of a stage of tuned radio-frequency amplification 
ahead of the mixer tube. 

5.86. Question. Discuss the advantages and disadvantages of self-ex- 
cited oscillator and master-oscillator power-amplifier transmitters. 

Answer. The frequency stability of a transmitter is improved by the use of a 
power amplifier following the master oscillator. This arrangement permits the 
oscillator to be worked at comparatively low power and the desired output power 
may be readily obtained by means of one or more r-f amplifier stages. However, 
the additional parts and tubes mean more circuit adjustments and more sources of 
possible trouble. A power amplifier stage serves to isolate the oscillator from the 
antenna so that reactions on the oscillator are reduced to a minimum; for example, 
reactions such as might be caused by variations in antenna capacitance. In the 
case of a self-excited type its commercial application is limited practically to 
emergency radiotelegraph transmitters. Since the oscillator in this type is coupled 
into the antenna it is subject to heavy plate circuit load changes that may result 
in serious frequency instability. A few advantages of the self-excited type are 
less tubes, less parts, and simpler circuits. 
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5.87. Question. Draw a simple schematic diagram of a dynatron oscilla- 
tor using a tetrode, indicating polarity of power supply voltages. 

Answer. See Figure 58. 

5.88. Question. What is the meaning of “carrier shift”? 

Answer. The expression “carrier shift” refers to a condition of improper oper- 
ation which causes the positive and negative loops or peaks to become unequal 
so that the modulation envelope does not then center symmetrically on the carrier 
frequency. This is regarded as a shift in carrier amplitude, not frequency. . 

5.89. Question. What effect upon the plate current of the final amplifier 
stage will be observed as the antenna circuit is brought into resonance? 

Answer. The plate current will rise as the antenna is brought into resonance 
and will read a maximum at resonance. 

5.90. Question. What will be the effect of a swinging antenna upon the 
output of a self-excited oscillator transmitter? A master-oscillator power- 
amplifier transmitter? 

Answer. The changes in antenna capacitance due to a swinging antenna will 
cause the oscillator’s frequency in the self-excited type to drift over a wide range 
usually greater than present-day tolerances will permit. A master-oscillator power- 
amplifier type will have much better frequency stability under such conditions 
because of the isolation which the power stage provides between the antenna and 
the master-oscillator. ; 

5.91. Question. Discuss the advantages and disadvantages of operating 
an amplifier as a class C stage. 

Answer. The main advantages of operating an amplifier class C are high plate- 
circuit efficiency and high power output. Some of the disadvantages are relatively - 
low power amplification, the need for large driving power, generation of strong 
harmonics, cannot be used for audio frequencies, cannot be operated as a linear 
amplifier following a modulated r-f stage. 

5.92. Question. What is the crystal frequency of a transmitter having 
three “doubler” stages and an output frequency of 16,880 kilocycles? 

Answer. The crystal frequency is 2,110 kilocycles. Three doubler stages raise 
the crystal’s frequency 8 times, and 16,880 + 8 = 2,110. 

5.93. Question. What is the ratio of the frequencies of the output and 
input circuits of a single-phase full-wave rectifier? 

Answer. The output frequency is twice the input frequency, or a ratio of 2:1. 

5.94. Question. What is meant by “shock” excitation of a circuit? 

Answer. The term “shock” excitation indicates that excitation of large magni- 
tude is applied momentarily to an oscillatory system as a result of which it will 
generate a wave train of highly damped oscillations. 

5.95. Question. What increase in antenna current will be noted when 
a transmitter is modulated 100 per cent by a sinusoidal audio frequency? 

Answer. 22.6 per cent increase, that is, the antenna current increases 1.226 
times over its unmodulated value. 

5.96. Question. What may be the reasons why a zero reading is not 
obtained on the neutralizing indicator while neutralizing a radio-frequency 
amplifier stage? 
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Answer. If a definite minimum r-f indication can be obtained while neutralizing 
but the r.f. cannot be entirely eliminated to give a zero reading, the difficulty 
might be due to stray coupling between the amplifier and driver plate tank circuit 
or to stray capacitances between the component parts of the amplifier, which may 
unbalance the neutralizing circuit. If a split-stator condenser is used in the tank 
circuit the ground lead from the rotor to cathode should be as short and direct as 
possible. | 

5.97. Question. What precautions should be observed in tuning a trans- 
mitter? 

Answer. Interference with the services of other stations should be avoided; 
the frequency should be maintained within the allowed tolerance of the assigned 
frequency; all stages should be properly neutralized; the rated power should not 
be exceeded ; all conditions of operation should be in accordance with the terms of 
the station license. Specifically, the precautions to observe are to make the initial 
tuning adjustments on low power, tune and neutralize the individual stages with 
reduced output coupling, and after the tuning procedure has been completed, the 
load circuit, either the actual antenna or a dummy antenna, may be coupled to 
the final stage. Extreme care should be exercised when tuning or making adjust- 
ments not to come into contact with high voltage or with a charged condenser after 
voltage has been removed ; make use of a grounding stick to discharge condensers 
to ground before touching any leads or clips after first removing the high voltage. 

5.98. Question. Describe a procedure which would be satisfactory in 
neutralizing a radio-frequency amplifier stage. 

Answer. Operate the amplifier normally with excitation applied and with proper 
filament voltage, but remove the plate voltage by any practical means that will keep 
the plate r-f circuit intact. Then loosely couple a suitable absorption type r-f 
indicator to the plate tank coil and proceed to tune the tank to resonance as shown 
by a maximum indication on the r-f indicator. Follow this by adjusting the 
neutralizing condenser for a minimum indication on the r-f indicator. These 
adjustments may have the effect of slightly detuning the driver plate tank, and 
it should be retuned to resonance as indicated by minimum plate-current dip in 
the driver stage. Since one adjustment affects another, the amplifier plate tank 
again should be retuned to resonance, as shown by maximum r-f on the indicator. 
However, this maximum normally is much less than the previous maximum be- 
cause with each readjustment the amplifier should approach the neutralized con- 
dition, as shown by a gradual decrease of r-f voltage in its plate tank circuit. 
Again the neutralizing condenser is adjusted to give the lowest r-f indication or, 
if possible, zero indication. At this step it is necessary to couple the indicator 
closer because of the smaller r.f. in the tank. After repeating the foregoing steps 
several times, a setting for the neutralizing condenser is usually found which shows 
no r.f. on the indicator. When there is no r-f voltage in the plate tank the ampli- 
fier is properly neutralized. The final steps are to remove the indicator to prevent 
burnout, apply plate voltage; and tune the plate tank for minimum plate-current 
dip. 

Alternative method. An alternative method for neutralizing an r-f amplifier is 
to use the d-c grid meter for the indicator instead of the absorption type coupled 
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to the plate tank. At the start the filament voltage should be adjusted to normal, 
the plate voltage should be removed but the plate r-f circuit should be kept intact, 
and the driver stage should be adjusted to give maximum grid current (rectified 
grid current), which is a measure of the r-f grid excitation. If the stage is 
unneutralized the grid current reading will flicker or swing widely as the plate 
tank is tuned back and forth through resonance. The procedure for neutralizing 
is to slowly adjust the neutralizing condenser while carefully tuning the plate tank 
back and forth through resonance in order to reduce the amount of flicker on the 
grid meter until it finally remains steady. With the neutralizing condenser set 
in this position the grid current goes through a smooth peak showing no change 
as the plate tank is tuned through resonance, which indicates the amplifier is 
properly neutralized. 

5.99. Question. Name three instruments which may be used as indicating 
devices in neutralizing a radio-frequency amplifier stage of a transmitter. 

Answer. Simple types of r-f indicators are a neon bulb, a flashlight bulb, or a 
thermogalvanometer connected in series with a loop of insulated wire consisting of 
one or two turns. The more sensitive types are a vacuum-tube voltmeter and a 
cathode-ray oscilloscope. 

5.100. Question. Describe a means of reducing sparking at the contacts 
of a key used with a radiotelegraph transmitter. 

Answer. A condenser and resistor in series connected in shunt with the key 
provide a means for reducing sparking because the condenser absorbs a charge 
when the key is opened and dissipates it by discharging’ through the resistor when 
the key is closed. 

5.101. Question. How may instruments used to indicate various direct 
currents and voltages in a transmitter be protected against damage due to 
stray r-f energy? 

Answer. Direct-current instruments may be protected by shunting them with 
bypass condensers, or in some cases two condensers in series are shunted across a 
meter with the center lead grounded. 

5.102. Question. What is the purpose of a “choke” coil? 

Answer. The definition explains the purpose: A “choke” coil is a coil of low 
resistance and sufficient inductance to impede definitely alternating or transient 
currents as distinguished from direct currents or currents of normal frequency. 
(A.L.E.E. definition. ) 

5.103. Question. What currents will be indicated by a milliammeter con- 
nected between the center-tap of the filament transformr of a tetrode and 
negative high voltage (ground)? 

Answer. The plate and screen grid currents flow through the milliammeter, 
and if the control grid return lead is grounded any control grid current also will 
be indicated. 

5.104. Question. What emergency repairs may be made to an inductance 
coil having burned or charred insulation? 

Answer. The burned or charred insulation should be removed to allow the bare 
wire to be coated with some insulating material having a low dielectric loss, such 
as insulating varnish or collodion. 
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5.105. Question. Name five indications of a defective vacuum tube in a 
transmitter. 

Answer. Assuming that all the operating voltages are normal, a defective 
vacuum tube might be indicated. by any of the following: low plate current, low 
circulating current in the plate tank, low antenna current, blue haze within the 
envelope, filament open and showing no light. 

5.106. Question. What is the purpose of an air gap in the core of a filter 
choke coil? 

Answer. The purpose of an air gap is to increase the reluctance of the mag- 
netic path which prevents saturation of the core material by the direct current 
through the coil. 

5.107. Question. What are some uses of a “low-pass” filter network? 

Answer. A ripple filter is a low-pass filter used in power supply equipment to 
reduce the ripple current from a rectifier or generator while allowing the free 
flow of the direct current. Other uses are in selective signaling systems or as 
limiting filters in telephone lines where the filter must pass a single band of fre- 
quencies extending from zero frequency up to some cutoff frequency and sub- 
stantially attenuate all frequencies above this critical value. Also, low-pass filters 
are sometimes installed at the input end of a transmission line, to the antenna, in 
dealing with harmonic suppression. 

5.108. Question. What is a “swinging” choke? 

Answer. A “swinging” choke is an input choke of a power supply filter in 
which the inductance is increased as the load current falls within specified limits. 
Hence, as the direct current increases in the coil the inductance decreases and 
consequently the impedance or c.e.m.f. of the coil goes down. In other words, 
as the direct current increases the voltage drop across the coil decreases, which 
tends to stabilize the effect in a filter such as might be used in a class B amplifier 
power supply. An ordinary choke has an air gap in the core to give it a high 
reluctance and thus minimize the possibility of core saturation by the direct current 
passing through the coil. A swinging choke has no air gap, or possibly a very 
small one, which gives the core a low reluctance and allows some degree of satura- 
tion to occur for large values of direct current. 

5.109. Question. Indicate the approximate values of power supply filter 
inductances encountered in practice. 

Answer. Chokes ranging in value from about 10- to 3O-henrys are in most 
common use. 

5.110. Question. Why is the core of a transformer made of sheets of 
iron rather than a solid piece of iron? 

Answer. Core laminations are used to minimize losses of energy converted into 
heat as a result of eddy currents induced in the iron. 

5.111. Question. What factors determine the eddy-current losses in a 
transformer ? 

Answer. The particular kind of magnetic material and thickness of the lamina- 
tions that compose the core structure. 

5.112. Question. Name the losses which are present in transformers. 

Answer. Hysteresis, eddy-current, and copper losses. 
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5.113. Question. What factors determine the hysteresis losses in a trans- 
former? 

Answer. The frequency of the current and the particular kind of ferromagnetic 
material used for the core structure. 

5.114. Question. What is the secondary voltage of a transformer which 
has a primary voltage of 100, primary turns 200, and secondary turns 40? 

Answer, 20 volts. 


Calculation: The primary and secondary voltages are proportional to the primary and 
secondary turns, or 


FE, Nz Ns 
Therefore, 2, =:57X- Ey 


ue 100 = 20 volt 
nee x = volts 


~ 200 


Ep Np 

5.115. Question. Why should emery cloth never be used to clean the 
commutator of a motor or generator? 

Answer. Emery cloth is a hard abrasive material containing metallic particles 
which not only tend to scratch or score the commutator but may lodge around the 
brushes or between the segments and cause short circuit troubles. 

5.116. Question. When increased output voltage is desired from a motor- 
generator set, what is. the usual procedure? 

Answer. Increase the field current in the generator by reducing resistance at 
the generator field rheostat. The speed is usually held constant. 

5.117. Question. What will be the effect(s) of a short circuit in an 
armature coil of a d-c motor? 

Answer. Overheating, sparking at the commutator, reduction of speed under 
load. 

5.118. Question. When starting a d-c motor-generator set what adjust- 
ment should be made to the motor field rheostat? 

Answer. The motor field rheostat should be adjusted for minimum resistance 
to allow full current in the field. 

5.119. Question. What may be the trouble if a motor generator fails to 
start when the start button is depressed? 

Answer. No line voltage, blown fuse, button switch defective or out of adjust- 
ment, open in main contactor coil of starter, defective contact bar action, insuffi- 
cient brush contact with commutator, open in motor field, open in motor field 
rheostat, open in motor armature, open-circuited condition due to disconnected 
leads. 

5.120. Question. What load conditions must be satisfied in order to ob- 
tain the maximum possible output from any power source? 

Answer. The resistance of the load must equal the internal resistance of the 
source to obtain maximum output. 

5.121. Question. Explain the principle of operation of an electrolytic 
condenser. . 

Answer. An electrolytic condenser consists of two electrodes, at least one of 
which must be a valve metal, separated by an electrolyte. A valve metal is a 
metal or alloy having properties that cause the formation of a dielectric film ad- 
jacent to the surface of the conductor from chemical changes when the passage 
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of current is from metal to electrolyte. The film offers a very high resistance to 
the current and consequently results in a high-potential drop when current flows 
in this direction. Hence only a small leakage current flows in the direction of 
high impedance, but the current flows readily in the other direction. The dielectric 
film and the two electrodes form a condenser which is polarized. 

5.122. Question. Why are “bleeder” resistors used in power supplies? 

Answer. A bleeder resistor protects the filter condensers from breakdown be- 
cause it keeps a load on the rectifier at all times, which prevents dangerous voltage 
peaks from developing when the regular load is decreased or removed. Incident- 
ally, the use of a bleeder improves the voltage regulation and also serves as a 
discharge path for the high-voltage filter condensers for the protection of the 
personnel after the equipment is shut down. 

5.123. Question. Why is a condenser sometimes placed in series with the 
primary of a power transformer? 

Answer. A series condenser might be used for reducing the secondary voltage. 
Also, it might be used for regulating current by changing the primary reactance. 

5.124. Question. What factors determine the breakdown voltage rating 
of a condenser? 

Answer. The kind of dielectric and thickness of dielectric (distance between 
the respective plates). 

5.125. Question. What is the effect of low temperatures upon the oper- 
ation of a lead-acid storage battery? 

Answer. A low temperature may freeze the electrolyte if its specific gravity is 
low, indicating a partially discharged condition of the battery. Also, low tempera- 
tures lessen the activity of the chemical reaction, which results in sluggishness of 
the battery on discharge. 

5.126. Question. Why should the tops of lead-acid storage batteries be 
kept clean and free from moisture? 

Answer. Moisture on the tops of the jars allows creepage between the terminal 
posts, which slowly discharges the cells. If continued too long this results in 
lowering the ampere-hour capacity of the battery. Also, the terminal voltage 
would drop rapidly on load owing to the increased internal resistance of the cells. 

5.127. Question. How may the condition of charge of an Edison cell be 
determined ? 

Answer. A d-c voltmeter is used to check the condition of charge of an Edison 
cell. In large battery banks an ampere-hour meter is usually provided as a gen- 
eral check on the charge and discharge cycles, although for actual check on the 
individual cells a voltmeter is required. 

5.128. Question. What special precautions should be taken when lead- 
acid storage cells are subject to low temperatures? 

Answer. Lead-acid storage cells should be kept in a charged condition or else 
the electrolyte is likely to freeze at low temperatures. 

5.129. Question. What should be done if the electrolyte in a lead-acid 
storage cell becomes low owing to evaporation? 

Answer. The electrolyte should be brought up to the proper level covering the 
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plates by the addition of distilled water, or fresh water which has been approved 
for the purpose. 

5.130. Question. What precautions should be used when an absorption 
type frequency meter is used to measure the output of a self-excited oscil- 
lator? 

Answer. The coupling between the pick-up coil of the meter and the oscillator 
tank should be as loose as practicable, or just sufficient to give a reliable indication. 
The reactions due to close coupling will alter the oscillator’s frequency and cause 
a large error in the reading. 

5.131. Question. What is the meaning of “zero beat” as used in connec- 
tion with frequency-measuring equipment? 

Answer. Zero beat is a condition wherein two frequencies are in exact agree- 
ment and therefore there is no heterodyning action between them. Since the fre- 
quency of the oscillator of the frequency meter can be read on a calibrated dial by 
first beating the meter to zero to place it in calibration, the frequency being meas- 
ured can also be read on the dial at zero beat. If headphones were used in the 
output the beat note would disappear at zero beat. 

5.132. Question. What precautions should be taken before using hetero- 
dyne frequency measuring equipment? 

Answer. A heterodyne-frequency meter should be allowed to warm up thor- 
oughly before it is used. Also, the operating voltages should be normal: and just 
before using, the meter should be put in calibration by adjusting it for zero beat. 
Furthermore, only a pure d.c. should be used for plate supply, and the meter 
should be periodically checked against a calibrated frequency oscillator, 

5.133. Question. If a wavemeter, having an error proportional to the 
frequency, is accurate to 20 cycles when set at 1,000 kilocycles, what is its 
error when set at 1,250 kilocycles? 

Answer, The error is 25 cycles. 


Computation: The error in cycles is proportional to the frequency in kilocycles. Therefore 
20: 1,000:: 7: 1,250. Since the product of the means is equal to the product of the extremes, 
we have 


1,000 X x = 20 X 1,250 
1,000x = 25,000 


25,000 


= —— = 25 cycles" 
- 1,000 cycles 


x 


5.134. Question. What cleaning agents may be used to clean the surfaces 
of a quartz crystal? Is such cleaning ever necessary? 

Answer, It is essential that the surfaces of a quartz crystal be scrupulously 
clean. A speck of dirt or a greasy film on the face of a crystal may change its 
characteristics entirely. For this reason it is important that a crystal be carefully 
cleaned after handling with the fingers, and the crystal should be assembled under 
reasonably dust-free conditions. One of the best cleaning agents is carbon tetra- 
chloride (Carbona). 


5.135. Question. Name five advantages of crystal control over tuned cir- 
cuit oscillators. 
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Answer. (1) Greater frequency stability. (2) The small size of the crystal 
element permits practical use of temperature control to keep the amount of fre- 
quency drift within very narrow limits. (3) Easier to adjust to the desired fre- 
quency. (4) Greater selectivity is obtained owing to the high Q properties of the 
crystal. (5) The Q value of a crystal is many times greater than a coil and con- 
denser assembly of much larger dimensions. 

5.136. Question. Why is a separate source of power desirable for the 
crystal oscillator unit of a transmitter? 

Answer. A separate source of plate power is desirable in order to operate the 
crystal oscillator with maximum frequency stability. The separate power supply 
isolates the oscillator plate circuit from reactions due to modulation and plate cir- 
cuit load changes in the r-f stages that would result in large distortion and_fre- 
quency variations. 

5.137. Question. Why is the temperature of a quartz crystal usually 
maintained constant? | 

Answer. The temperature of a quartz crystal is usually maintained constant to 
keep the amount of frequency drift within very narrow limits. Temperature 
changes have an effect on the physical dimensions of a crystal which influences 
the frequency. 

5.138. Question. What will be the effect of a high degree of coupling 
between the plate and grid circuits of a quartz crystal oscillator? 

Answer. A high degree of coupling between the plate and grid circuits might 
cause excessive feedback to overload and possibly fracture the crystal; excessive 
coupling might cause the crystal oscillator to jump to a different frequency. 

5.139. Question. What is the function of a quartz crystal in a radio 
transmitter? 

Answer. A quartz crystal controls the frequency of oscillation of the master 
oscillator which is the source of the frequency assigned to the transmitter. The 
crystal’s special properties improve the frequency stability of the transmitter, 

5.140. Question. What does the expression “a low temperature coefficient 
crystal” mean? 

Answer. A “low temperature coefficient” refers to a crystal being compara- 
tively free from frequency changes with change in temperature. 

5.141. Question. What does the expression “the temperature coefficient 
of an X-cut crystal is negative” mean? 

Answer. The expression “negative temperature coefficient” means that the fre- 
quency increases as the temperature decreases. Crystals of the X-cut type usually 
have a negative temperature coefficient. 

5.142. Question. What will be the effect of applying a d-c potential to 
the opposite plane surfaces of a quartz crystal? ; 

Answer. A crystal with a d-c potential applied to the opposite plane surfaces 
will undergo a change in its dimensions, that is, it becomes deformed and remains 
so until the applied voltage is removed. A large d-c voltage would cause great 
mechanical strain or a maximum of deformation which might crack or shatter the 
crystal. 
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5.143. Question. What does the expression “the temperature coefficient 
of a Y-cut crystal is positive” mean? 

Answer. The expression “positive temperature coefficient” means that the fre- 
quency increases as the temperature rises. For example, in a given Y-cut crystal 
the frequency may increase 35 to 40 parts in a million for each degree Centigrade 
of change of temperature. 

5.144. Question. Draw a simple schematic diagram of a crystal-con- 
trolled vacuum tube oscillator using a tetrode type tube. Indicate power 
supply polarity where necessary. 

Answer. See Figure 97. 


i 
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+ 
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Fic. 97. Crystal oscillator employing a tetrode. 


5.145. Question. What is a “multivibrator”? Explain its principle of 
operation. 

Answer. A multivibrator is a resistance-capacitance-tuned oscillator. It con- 
sists of a two-stage resistance-coupled amplifier with the output feeding back into 
the input. It operates on the principle that the frequency depends upon the R and 
C values of the interstage coupling elements, and the 180° phase shift in each 
tube provides the correct regeneration voltage on the grid of the input tube. (See 
answer to Question 3.151 for further discussion on a multivibrator. ) 

5.146. Question. What is a dynatron oscillator? Explain its principle of 
operation. 

Answer. A dynatron oscillator is one in which the plate is operated at a criti- 
cally lower voltage than the grid, or screen grid in a tetrode tube, in order to utilize 
the effects of secondary emission. The operation of this oscillator requires the 
screen grid voltage to be adjusted at about twice the plate voltage so that the 
electrons (secondary electrons) lost to the plate go to the higher positive potential 
grid. This gives the tube a negative resistance characteristic because increases of 
plate voltage which intensify secondary emission decrease the plate current whereas 
decreases of plate voltage which lessen secondary emission effects result in an 
increase of plate current. The oscillatory circuit, being a positive resistance and 
connected in the plate, in effect is shunted across the negative resistance tube. 
When the negative and positive resistances balance, making the net resistance 
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zero, then oscillations start and for a greater negative resistance the amplitude of 
the oscillations builds up accordingly. 

5.147. Question. What is an electron-coupled oscillator? Explain its 
principle of operation. 

Answer. An electron-coupled oscillator is one in which the control grid, screen 
grid, and cathode are arranged to form a triode oscillator with the plate or output 
taking no part in the generation of the oscillations ; the screen grid takes the place 
of the plate’s usual function in a triode oscillator. It operates on the principle 
that the triode section generates the oscillations and the flow of electrons from 
cathode to plate results in a plate current containing the frequency of the oscil- 
lator circuit. Hence, the oscillator section of the tube is coupled into the plate 
circuit load only by means of the electron stream from cathode to plate in the 
tube. This provides a means of effectively isolating the plate from the oscillator 
section so that plate circuit load changes have little practical effect on the tuned 
circuit constants. An oscillator of this type has excellent frequency stability. 

5.148. Question. Explain the principle of generation of radio-frequency 
energy by means of a spark discharge. 

Answer. See the answer to Question 3.146. 

5.149. Question. Explain the principle of generation of radio-frequency 
energy by means of an electric arc. 

Answer. See answer to Question 3.147. 

5.150. Question. Draw a simple schematic diagram of a crystal-controlled 
oscillator and means of coupling to the following radio-frequency amplifier, 
showing power supply polarities. 

Answer. See Figure 6. 

5.151. Question. Draw a simple schematic diagram of an oscillatory cir- 
cuit involving the use of a spark gap discharge, indicating the circuit ele- 
ments necessary to identify this form of oscillatory circuit. 

Answer. See Figure 59. 

5.152. Question. Draw a simple schematic diagram of an electron-coupled 
oscillator, indicating the circuit elements necessary to identify this form 
of oscillatory circuit. 

Answer. See Figure 9. 

5.153. Question. Draw a simple schematic diagram of a dynatron type of 
oscillator, indicating the circuit elements necessary to identify this form 
of oscillatory circuit. 

Answer, See Figure 58. 

5.154. Question. Draw a simple schematic diagram of an oscillating arc 
circuit, indicating the circuit elements necessary to identify this form of 
oscillatory circuit. 

Answer. See Figure 60. 

5.155. Question. Why is a push-pull audio-frequency amplifier prefer- 
able to a single-tube stage? 

Answer. The second and other even harmonics are cancelled in the output which 
minimizes distortion in the amplifier; greater power output; saturation of output 
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transformer core is minimized; less filtering required for a given permissible hum 
level. 

5.156. Question. Name several applications for vacuum tubes operating 
as class A audio amplifiers. 

Answer. Several applications of a class A audio amplifier are as follows: 

(1) Preamplifiers for microphone use. 

(2) Modulators. 

(3) Indicating instruments using linear amplifiers. 

(4) Speech input equipment and line amplifiers. 

(5) Facsimile equipment. 

(6) Phonograph pick-up amplifier. 

(7) Receiver applications employing a-f voltage amplifiers. - 

5.157. Question. What is the chief advantage of class A audio operation 
as compared with other classes of audio-frequency amplifiers? 

Answer. The main advantage of class A operation of an audio amplifier is low — 
distortion because its output is essentially linear. | 

5.158. Question. Why is the correct grid bias important in an audio- 
frequency amplifier? 

Answer. The correct grid bias is important because it locates the working point 
on the grid-voltage plate-current Ghasomai to give linear output wave form 
and thus minimizes distortion. 

5.159. Question. How may even harmonic energy be reduced in the out- 
put of an audio-frequency amplifier? 

Answer. Operating the stage push-pull effectively cancels the even harmonics. 

5.160. Question. Why are class A audio amplifiers not as critical, in so 
far as grid drive requirements are concerned, as class B audio amplifiers? 

Answer. Because the bias setting for a class A amplifier is not as critical as 
for class B. The bias for class A is adjusted “somewhere” on the linear curve 
and for class B it is as “projected” cutoff, that is, close to cutoff. 

5.161. Question. Name at least two uses of a class C radio-frequency 
amplifier in modern telegraph and telephone transmitters. 

Answer. Two uses of a class C amplifier are as a power amplifier in the final 
stage and in frequency multiplier stages. A class C amplifier is capable of large 
power output with high plate circuit efficiency and therefore finds wide application 
as a final amplifier. Since a class C amplifier generates a relatively high percentage 
of harmonics this class of operation is especially suited for use in doubler and 
tripler stages. Another common application of class C is in a modulated r-f 
amplifier stage. 

5.162. Question. Name several causes of excessive plate current in a 
radio-frequency amplifier. 

Answer. Excessive plate current may be caused by any of the following: 

(1) Defective tube; soft tube. 

(2) Insufficient grid bias. 

(3) Excessive plate voltage. 

(4) Excessive excitation voltage. 

(5) Detuned plate tank circuit. 
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(6) Improper neutralization. 

(7) Parasitic oscillations. . - 

5.163. Question. What is the chief advantage of a class B radio-fre- 
quency amplifier, and for what is this type of amplifier commonly em- 
ployed? 

Answer. A class B radio-frequency amplifier is essentially a linear amplifier. 
A common application of a class B r-f amplifier is as a linear r-f power amplifier 
following a class C modulated stage. 

5.164. Question. What class of amplifier should follow a modulated 
radio-frequency amplifier? 

Answer. The stage after the modulated r-f stage should be operated class B 
in order to avoid the introduction of distortion. (See answer to Question 5.58.) 

5.165. Question. Define a “class C amplifier.” 

Answer. A class C amplifier is one in which the plate current flows for appre- 
ciably less than 180° of the grid excitation cycle. 

5.166. Question. Why are bypass condensers used across the cathode 
bias resistors of radio-frequency amplifiers? 

Answer. Bypass condensers are used across cathode bias resistors of r-f ampli- 
fiers to prevent current inverse feedback and consequent loss in gain. 

5.167. Question. What is the main advantage of a tuned audio-frequency 
amplifier in a receiver used for the reception of radiotelegraph signals? 

Answer. Increased selectivity is gained by providing a tuned audio-frequency 
amplifier which may be adjusted to the beat frequency of the desired signal. 
Thus beat frequencies close to the frequency to which the receiver is tuned are 
discriminated against, which is an advantage in C-W pce DuCe: These beat fre- 
quencies result from interfering signals. 

5.168. Question. What is the purpose of decoupling networks in the 
plate circuits of a multistage audio amplifier? 

Answer. The purpose of decoupling networks is to prevent regenerative coup- 
ling and oscillation between the stages due to the common impedance of the plate 
power supply. The frequency of such oscillation, when permitted, is usually very 
low and is called “motor-boating.” 

5.169. Question. What is a “buffer” amplifier and what are its applica- 
tions? 

Answer. A “buffer” amplifier is an r-f amplifier which is operated in a manner 
to provide adequate plate isolation between a previous stage, or oscillator, and 
subsequent r-f stages for minimizing circuit reactions that cause frequency in- 
stability. One or more buffer stages usually follow the oscillator in a radiotele- 
phone transmitter. By employing loose coupling and by operating the buffer stage 
not primarily for gain it effectively prevents the oscillator plate circuit load from 
being affected by modulation or by plate load changes in the power amplifier stages. 

5.170. Question. For what purpose is a “frequency doubler” stage used 
in a transmitter? 

Answer. The purpose of a frequency doubler stage is to provide a frequency 
in the output which is twice the frequency of the r-f exciting voltage. The prac- 
tical purpose is to allow the use of a low-frequency crystal oscillator with its ad- 


a ¥ 


230 HOW TO PASS RADIO LICENSE EXAMINATIONS ELEMENT 5 


vantages over a high-frequency oscillator. The desired operating frequency se- 
lected will be some even multiple of the oscillator’s fundamental frequency. 
- 5.171. Question. Describe the operation of a “frequency doubler” stage. 

Answer. The grid bias of a frequency doubler is adjusted beyond cutoff as in 
class C service and consequently its output contains a high percentage of har- 
monics ; the plate tank circuit is tuned to twice the frequency, or second harmonic, 
of the exciting voltage applied to the grid. In operation the plate tank receives 
one pulse of plate current over a small portion of the least negative half of the 
excitation cycle and the tank continues to oscillate and produce two cycles until 
the next plate current pulse. Therefore each cycle of grid excitation produces 
two cycles of current circulating in the plate tank. This harmonic is available for 
further doubling in subsequent stages. 

5.172. Question. Why is neutralization often necessary in a radio-fre- 
quency amplifier? 

Answer. Neutralization prevents self-oscillation in a radio-frequency amplifier. 
Most r-f amplifiers will oscillate at their own frequency when the plate and grid 
circuits are tuned to resonance, but when properly neutralized the amplifier will 
operate only on the frequency at which it is being driven. 

5.173. Question. What is the purpose of shielding between radio-fre- 
quency amplifier stages? 

Answer. Shielding of the r-f stages prevents interaction or feedback between 
the various circuit components that might cause instability or oscillation in the 
stages. Also, adequate shielding will often eliminate neutralizing difficulties. 

5.174. Question. Describe how a radio-frequency amplifier stage may be 
neutralized. 

Answer. See answer to Question 5.98. 

5.175. Question. In neutralizing a radio-frequency amplifier stage of a 
transmitter, using a thermocouple galvanometer as an indicator, what pre- 
cautions must be observed? 

Answer. A thermocouple galvanometer is a very sensitive instrument which 
could be easily burned out by coupling the pick-up coil of the indicator too close 
to the plate tank coil. The coupling should be as loose as practicable to give a 
reliable indication. All types of r-f indicators should be removed before applying 
plate voltage after neutralization is completed and the stage is ready to be tuned. 

5.176. Question. Draw a complete schematic diagram of a system of in- 
ductive coupling between the output of a radio-frequency amplifier and an 
antenna system. 

Answer. See Figure 84. 

5.177. Question. Draw a simple schematic diagram showing a method of 
“link” coupling between two radio-frequency amplifier stages. 

Answer. See Figure 54. 

5.178. Question. Draw a simple schematic diagram showing a method 
of “direct” coupling between two stages of an audio-frequency amplifier. 

Answer. See Figure 63. 

5.179. Question. Draw a simple schematic diagram showing a method of 
“impedance” coupling between two stages of a radio-frequency amplifier. 
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Answer. See Figure 62. 

5.180. Question. Draw a simple schematic diagram showing a method of 
inductive or transformer coupling between two stages of a radio-frequency 
amplifier. | 

Answer. See Figure 62. 

5.181. Question. Discuss the characteristics of a dynatron oscillator. 

Answer. The characteristics of a dynatron oscillator are excellent frequency 
stability, low output, and low efficiency. The dynatron oscillator is useful as a 
reference and for calibration purposes in instruments such as a heterodyne fre- 
quency meter. Its use in general is restricted because of the low output. 

5.182. Question. What type of oscillator depends upon secondary emis- 
sion from the anode for its operation? 

Answer. Dynatron oscillator. (See answer to Question 5.146.) 

5.183. Question. What is the primary reason for the suppression of 
radio-frequency harmonics in the output of a transmitter? 

Answer. The primary reason for harmonic suppression is to prevent inter- 
ference to other radio services whose transmissions bear a harmonic relation to the 
transmitter’s frequency. In addition, harmonic output represents wasted power. 

5.184. Question. In a radiotelegraph transmitter employing a d-c gener- 
ator as a source of plate voltage, an a-c generator as filament supply and 
grid bias keying, if it is noted that when the key contacts are open the 
emission continues, what could be the trouble? 

Answer. The trouble might be caused by any of the following, which indicate 
that the high bias, or blocking bias, is not being applied to the grid: Shorted high 
bias resistor; grid return shorted to ground; shorted key circuit or short in key 
click filter elements; defective relay key or the relay key contacts controlling the 
high blocking bias may be stuck. 

5.185. Question. What is the purpose of an electrostatic shield? 

Answer. The purpose of an electrostatic shield is to prevent the transfer of 
energy from one circuit to another by means of capacity coupling. A Faraday 
screen is one example of an electrostatic shield. Another is the electrostatic shield- 
ing between primary and secondary of a power transformer to prevent r-f dis- 
turbances in a mercury-vapor type rectifier from being transmitted to the line. 

5.186. Question. What is the advantage of link coupling between radio- 
frequency amplifier stages? 

Answer. Link coupling permits inductive coupling with its advantages to be 
used between stages which are separated a considerable distance. Link coupling 
forms a low-impedance transmission line consisting of a pair of leads with a 
coupling coil of a few turns at each end. The link coils should be coupled to the 
respective tank coils of the two stages at a point of zero or low radio-frequency 
potential. See answer to Question 2.177. 

5.187. Question. Draw a simple schematic diagram showing how a radio- 
telegraph transmitter may be keyed by the “grid blocking” method. 

Answer. See Figure 100. 

5.188. Question. Discuss methods of keying a high power radiotelegraph 
transmitter. 
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Fic. 100. Keying is accomplished by using blocking bias on the grid. 


Answer. The most satisfactory means of keying a high power radiotelegraph 
transmitter is by applying a high negative bias voltage which will block the plate 
current and stop oscillation. The high bias is easily obtained by connecting a 
voltage divider across the plate voltage supply and connecting the grid return lead 
to the negative end and the cathode to a point on the divider that gives the required 
blocking voltage. The key contacts are connected across this resistor section so 
that with the key closed for sending, the high bias is removed to permit oscillation 
and with the key up, the blocking bias is applied to drop the plate current to zero, 
which stops oscillation. 

5.189. Question. What is meant by “grid block keying”? 

Answer. Grid block keying means that the key contacts control the removal 
and applying of a high negative bias voltage to the grid, which allows the plate 
current to flow with the key down and stops it with the key up. 

5.190. Question. Draw a simple schematic diagram of a “key click filter” 
suitable for use when a vacuum tube transmitter is keyed in the negative 
high-voltage circuit. 

Answer. See Figure 101. 
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Fic. 101. Example of a key click filter. 
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5.191. Question. Draw a simple schematic diagram of a system of keying 
in the primary of the transformer supplying high voltage to a vacuum tube 
transmitter. Indicate any values of inductance, resistance, and capacitance 
which may be deemed necessary to fully understand the correct operation 
of this type of keying 

Answer. See Figure 102. 
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Fic. 102. Example of a tone generator connected in the primary of a power transformer. 


5.192. Question. A transmitter is operating on 5,000 kilocycles, using a 
1,000-kilocycle crystal with a temperature coefficient of —4 cycles per 
megacycle per degree Centigrade. If the crystal temperature increases 6° 
Centigrade, what is the change in the output frequency of the transmitter? 

Answer. The change in the output frequency is 120 cycles lower than 5,000 
kilocycles, or the new operating frequency is 4,999.88 kilocycles. 


Calculation: The crystal frequency is 1,000 kilocycles, or 1 megacycle, and this frequency de- 
creases (negative temperature coefficient) 4 cycles for each degree of temperature change, or 
4X 6 = —24 cycles change in a million. But the operating frequency is 5 megacycles, and 
therefore this frequency is lowered by 5 & 24, or —120 cycles. 


5.193. Question. What may cause a positive carrier shift in a linear 
radio-frequency amplifier output? 

Answer. Positive carrier shift means that the amplitudes of the positive halves 
of the modulated r-f carrier are greater than the negative halves and consequently 
the carrier power shifts upward. The following might cause this condition: 


Insufficient r-f excitation. 

Excessive grid bias. 

Poor regulation of bias supply. 

Detuned circuits. 

Overmodulation. 

Modulator stage; excessive bias or insufficient excitation. 


5.194. Question. What is the second harmonic of 380 meters? 

Answer. 190 meters. 

5.195. Question. What is the effect of excessive coupling between the 
output circuit of a simple oscillator and an antenna? 

Answer. Excessive coupling results in a split tuning effect, which may cause 
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the operating frequency to jump suddenly to some other frequency. A receiver 
tuned to the operating frequency of the transmitter would lose the signal entirely 
from split tuning. Furthermore, off-frequency emissions are in violation of the 


radio laws. 


Discussion. Split tuning may be avoided with proper adjustment by loosening the coupling 
gradually and for each coupling change make the following check: First detune the antenna. 
Retune the antenna to resonance as indicated by maximum antenna current and carefully 
note the position of the tuning dial on the scale. Then continue adjusting the dial in the 
same direction, which detunes the antenna. Retune the antenna again and at resonance note 
the position of the tuning dial on the scale. If these dial positions do not coincide then 
loosen the coupling and make another trial and continue with this procedure until the same 
dial setting is found at resonance each time the antenna is tuned back and forth through 
resonance. Close coupling results in a response curve having two pronounced peaks or humps, 
so that when the foregoing test is made the antenna may show two different resonant points 
on the dial. These points come closer together as the coupling is loosened, and when they co- 
incide it indicates a flat-topped response curve or one having only one peak. This curve could 
be peaked further for sharper tuning by loosening the coupling still more, but this change would 
result in unnecessarily lowering the power. 


5.196. Question. A station has an assigned frequency of 8,000 kilocycles 
and a frequency tolerance of plus or minus 0.04 per cent The oscillator 
operates at one-eighth of the output frequency What is the maximum 
permitted deviation of the oscillator frequency, in cycles, which will not 
exceed the tolerance? 

Answer. 400 cycles, plus or minus the oscillator frequency. 


Computation: The tolerance in cycles for the assigned frequency is 8,000 kc x 0.0004 = 3.2 
kc, or 3,200 cycles. Since the oscillator operates at 1% of the assigned frequency then the 
oscillator’s tolerance is % of 3,200 cycles, or 400 cycles. These relations may be given as 
follows: 

302.5. 6,000 2s. c,h OU 
or 
8,000x 


3,200 
and 


I 


x = +0.4 kilocycles, or +400 cycles 


5.197. Question. What is meant by “self-wiping” contacts as used in 
connection with relays? 

Answer. Contacts which slide or rub together on closing or opening are called 
“self-wiping” contacts. The rubbing action keeps the contact surfaces clean and 
in good condition, which would not be the case if the contacts merely butt together. 

5.198. Question. Why are permanent magnets used in head telephones? 
In d-c meters? 

Answer. Permanent magnets are used in headphones to place the diaphragms 
under a tension so that small signal currents in the windings will produce rela- 
tively large amplitude changes which increase the sensitivity; the diaphragms 
being held under stress by the pull of the magnets results in a better frequency 
response. Permanent magnets are used in d-c meters to provide a pole piece of 
constant flux density which will cause motion of the coil carrying the pointer, the 
action being similar in principle to the rotation of a motor armature in a field of 
constant flux density. 
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5.199. Question. What devices may be used as indicators of radio-fre- 
quency energy? 

Answer. Thermocouple ammeter ; hot-wire ammeter; neon bulb ; flashlight bulb 
used with a loop of wire; vacuum-tube voltmeter; cathode-ray oscilloscope. 

5.200. Question. What is the correct value of negative grid bias, for 
operation as a class B amplifier, for a vacuum tube of the following charac- 
teristics: Plate voltage 1,000 volts, plate current 127 milliamperes, filament 
voltage 4 volts, filament current 5.4 amperes, mutual conductance 8,000 
micromhos, and amplification factor 25? 

Answer. —40 volts, approximately. 


Computation: The bias voltage may be determined approximately from the following formula: 


Ee wd 1,000 
m Ties 


= —40 volts 


c= 


Note. In practice the grid bias voltage is given with respect to the midpoint of the fila- 
ment when a.c. is used A deduction is made for operation with dic. The problem does not 
state the type of filament supply. 


5.201. Question. Is an oscillator ever neutralized? Discuss. 

Answer. No. The purpose of an oscillator is to generate oscillations, and 
neutralizing would prevent oscillation. 

5.202. Question. What is the definition of type B emission? 

Answer. Type B emission is classified under damped waves and defined as 
follows: Waves consisting of successive series of oscillations of which the ampli- 
tude, after having reached a maximum, decreases gradually, the wave trains being 
keyed according to a telegraph code. 

5.203. Question. Define type Ao, Al, A2, A3, A4, and A5 emission. 

Answer. The emissions classified as continuous waves, or type A, are as follows : 


Type AO. Waves the successive oscillations of which are identical under fixed 
conditions. 

Type Al. Telegraphy on pure continuous waves. A continuous wave which is 
keyed according to a telegraph code. 

Type A2. Modulated telegraphy. A carrier wave modulated at one or more 
audible frequencies, the audible frequency or frequencies or their 
combination with the carrier wave being keyed according to a tele- 
graph code. 

Type A3. Telephony. Waves resulting from the modulation of a carrier wave 
by frequencies corresponding to the voice, to music, or to other sounds. 

Type A4. Facsimile. Waves resulting from the modulation of a carrier wave 
by frequencies produced at the time of the scanning of a fixed image 

| with a view to its reproduction in a permanent form. 

Type A5. Television. . Waves resulting from the modulation of a carrier wave 
by frequencies produced at the time of the scanning of fixed or moving 
objects. 


5.204. Question. In the aerial mobile service, what is the maximum 
period of time that operation of 333 kilocycles is permitted? 
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Answer. In no case, in the aeronautical mobile service, must working on 333 
kilocycles (900 meters) exceed 5 minutes. (General Radio Regulations, Revision 
of Cairo, 1938. Article 17, §8 [1-b].) 

5.205. Question. Who may authorize tests or experiments by other than 
mobile stations? 

Answer. The Federal Communications Commission through the inspector in 
charge of the proper field office. In accordance with F.C.C. Rule 2.47 station 
licensees are authorized to carry on such routine tests as may be required for the 
proper maintenance of the stations under the rules and regulations governing the 
class of station concerned, provided that the tests shall be so conducted as not to 
cause interference with the service of other stations. 

5.206. Question. What is the maximum period of time during which 
test “V’s” may be transmitted for purposes of adjusting a transmitter? 

Answer. When it is necessary to make test signals, either for the adjustment 
of a transmitter before making a call or for the adjustment of a receiver, these 
signals must not continue for more than 10 seconds and must be composed of a 
series of VVV followed by the call sign of the station emitting the test signals. 
(General Radio Regulations, Revision of Cairo, 1938. Article 17, § 9.) 

5.207. Question. In all cases other than those in which the transmitter 
output must be maintained at a fixed value, what amount of power should 
be employed for routine communications? 

Answer. The minimum amount of power necessary to ensure reliable com- 
munication should be used at all times. 

5.208. Question. What is the radiotelegraph urgent signal? 

Answer. In radiotelegraphy, the urgency signal consists of three repetitions of 
the group XXX, sent with the letters of each group and the successive groups 
clearly separated from each other ; it is sent before the call. (General Radio. Regu- 
lations, Revision of Cairo, 1938. Article 24, § 22 [1].) 

5.209. Question. What is the urgent signal for radiotelegraph use in 
the aeronautical service? 

Answer. In the aeronautical service, the urgency signal PAN is used both in 
radiotelegraphy and radiotelephony to indicate that the aircraft sending it is in 
difficulty and obliged to land but that it has no need of immediate assistance. 
This signal must, so far as practicable, be followed by a message giving further. 
information. 

5.210. Question. What is the meaning of the spoken expression “MAY- 
DAY’? 

Answer. The spoken expression “MAYDAY” is a distress signal and means 
that the ship, aircraft or other vehicle sending the signal is threatened by grave 
and imminent danger and requests immediate assistance. 

5.211. Question. In radiotelegraphy, what is the safety signal? 

Answer. In radiotelegraphy, the safety signal consists of three repetitions of 
the group TTT, sent with the letters of each group and the successive groups 
clearly separated from each other. This signal is followed by the word DE and 
by the call sign of the station which emits it, sent three times. It indicates that 
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the station is about to transmit a message concerning the safety of navigation or 
giving important meteorological warnings. 

5.212. Question. What is the maximum transmission speed to be used 
in connection with distress, emergency, or safety transmissions? 

Answer. The speed of telegraph transmission in cases of distress, urgency, or 
safety must not normally exceed 16 words a minute. 

5.213. Question. What is the general call “to all stations’? 

Answer. Two types of call signal “to all stations” are recognized: 

1. The call CQ followed by the letter K (general call to all stations in the 
mobile service with request for reply). 

2. The call CQ not followed by the letter K (general call to all stations with- 
out request for reply). 

5.214. Question. What is the radiotelephone urgent signal? 

Answer. In radiotelephony, the urgency signal consists of three repetitions of 
the expression PAN (corresponding to the French pronunciation of the word 
panne) ; it is sent before the call. 

5.215. Question. What is the radiotelegraph distress signal? 

Answer. In radiotelegraphy, the distress signal consists of the group 
+++—-—-—---, transmitted as a single sign in which the dashes must be empha- 
sized so as to be distinguished clearly from the dots. 

5.216. Question. What classes of stations may be operated by the holder 
of a restricted radiotelegraph operator permit? 

Answer. Any station while using type B, AO, Al, A2, A3, or A4 emission: 
Provided that, in the case of equipment designed for and using type A3 or A4 
emission — 

(1) Such operator is prohibited from making adjustments that may result in 
improper transmitter operation. 

(2) The equipment is so designed that none of the operations necessary to be 
performed during the course of normal rendition of service may cause off-fre- 
quency operation or result in any unauthorized radiation. 

(3) Any needed adjustments of the transmitter which may affect proper oper- 
ation of the station are regularly made by or in the presence of an operator hold- 
ing a first- or second-class license, either telephone or telegraph, who shall be 
responsible for the proper operation of the equipment. 

Exceptions. i | 

(1) The permit is not valid for the operation of any of the various classes of 
broadcast stations other than a relay broadcast station. 

(2) The permit is not valid for the operation of a ship station licensed to use 
type A3 emission for communication with coastal telephone stations. 

(3) The license is not valid for the operation of a radiotelegraph station on 
board a vessel required by treaty or statute to be equipped with a radio installation. 

(4) The license is not valid for the operation of any ship telegraph, coastal 
telegraph, or marine-relay station open to public correspondence. 

5.217. Question. For what period of time must a station log which con- 
tains entries incident to a disaster be retained? 

Answer. , Logs containing communications incident to a disaster or including 
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communications incident to or involved in an investigation by the Commission and 
concerning which the licensee has been notified shall be retained by the licensee 
until specifically authorized in writing by the Commission to destroy them. 

5.218. Question. What is the meaning of “frequency tolerance”? 

Answer. “Frequency tolerance” is the allowed deviation in frequency, gener- 
ally expressed in per cent of the frequency of emission, from the assigned fre- 
quency as specified in the regulations governing the class of station concerned. 

5.219. Question. Under what circumstances may a station be operated 
by an unlicensed person? 

Answer. The actual operation of all transmitting apparatus in any licensed 
radio station shall be carried on only by a person holding an operator’s license in 
such station. However, it is provided that the Commission if it shall find that 
the public interest, convenience, or necessity will be served thereby may waive or 
modify the foregoing provisions for the operation of any station except (1) sta- 
tions for which licensed operators are required by international agreement, (2) 
stations for which licensed operators are required for safety purposes, (3) stations 
engaged in broadcasting, and (4) stations operated as common carriers on fre- 
quencies below 30,000 kilocycles. Further provisions give the Commission power 
to make special regulations governing the granting of licenses for the use of auto- 
matic radio devices and for the operation of such devices. (Communications Act 
of 1934, as amended, Sec. 318.) | 

5.220. Question. If an operator is employed at more than one station, 
how may he comply with the rule requiring the posting of operator licenses? 

Answer. The holder of a radiotelegraph or radiotelephone first- or second-class 
license who is employed as a service and maintenance operator at stations oper- 
ated by holders of Restricted Operator Permits shall post at such stations his 
operator license or a verified statement from the Commission in lieu_ thereof. 

5.221. Question. If, upon being called by another station, a called station 
is unable to proceed with the acceptance of traffic, what should the oper- 
ator of the called station do? 

Answer. If the station called is prevented from receiving, it shall reply to the 
call as indicated in the General Radio Regulations, but it shall replace the letter 
K by the signal -—--- (wait), followed by a number indicating in minutes the 
probable duration of the wait. If this probable duration exceeds 10 minutes (5 
minutes in the aeronautical mobile service), a reason must be given therefor. 

5.222. Question. What is the definition of a “station open to public 
service’? } 

Answer. A station open to public service is a station which handles public 
correspondence, paid or toll messages, or provides radiotelephone facilities for 
the general public at prescribed rates. 

5.223. Question. Under what circumstances may the Commission author- 
ize the control of a radiotelegraph transmitter with the operator at a point 
other than the location of the transmitter proper? 

Answer. An operator or operators may be on duty at the control station in 
lieu of the place where the transmitting apparatus is located subject to the fol- 
lowing conditions : 
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1. The transmitter shall be capable of operation and shall be operated in ac- 
cordance with the terms of the station license. 

2. The transmitter shall be so located and housed that it is not accessible to 
other than duly authorized persons. 

3. The emissions of the transmitter shall be continuously monitored at the con- 
trol point by a licensed operator of the grade specified for the class of station 
involved. 

4, Proper apparatus and methods shall be provided so that the transmitter can 
quickly and without delay be placed in an inoperative condition in the event there 
is a deviation from the terms of the station license. 

5. The radiation of the transmitter shall be suspended immediately when there 
is a deviation from the terms of the station license. 

5.224. Question. How is an experimental station restricted with regard 
to message traffic? 

Answer. Experimental stations shall not be used to conduct general message 
traffic of any kind, to demonstrate equipment for prospective sales purposes, to 
transmit programs for direct entertainment, to transmit the programs of any other 
station, except in conjunction with experimental programs, or to render any com- 
mercial communication service or communications involving advertising, either 
directly or indirectly, subject to specific limitations and restrictions which will be 
prescribed in individual cases by the Commission. This authority will be granted 
only for special reasons to obtain information or data which give promise of 
being of benefit to the radio art. 

5.225. Question. Describe the procedure of a radiotelegraph transmis- 
sion in which one station calls another. 

Answer. The call is made as follows: Call sign of the station called, not more 
than three times; the word DE; call sign of the station calling, not more than 
three times. 

5.226. Question. What is the total reactance when two capacitances of 
equal value are connected in series? 

Answer. The total reactance is equal to the sum of the two reactances. 

5.227. Question. What are the effects of overexcitation of a class B 
amplifier grid circuit? 

Answer. The following effects result from overexcitation of a class B amplifier: 


High plate dissipation; excessive plate current. 

Plate circuit efficiency decreased. 

Power output decreased. 

Large distortion; increased harmonics; nonlinearity of operation. 
Excessive grid current. 


5.228. Question. Name several devices that could be used to indicate 
oscillation in a crystal oscillator. 
Answer. Oscillation in a crystal oscillator could be indicated by any of the 
following : 
Plate d-c milliammeter. 
Grid d-c milliammeter. 
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Neon bulb. 


Thermogalvanometer in plate tank circuit. 
Absorption type r-f indicator. 


Examples of r-f indicators in which a pick-up coil is coupled to the oscillator 
plate tank are: vacuum-tube voltmeter, cathode-ray oscilloscope, frequency meter, 
thermogalvanometer in series with a one- or two-turn loop. 

5.229. Question. What is the effect of loose laminations in a filter choke? 

Answer. Loose laminations may produce a hum or chattering in a severe case. 

5.230. Question. What is a desirable feature of an electrolytic condenser 
as compared to other types? 

Answer. Large capacitances are obtained from electrolytic condensers having 
relatively small physical dimensions which would not be possible in other types. 
The self-healing properties of a wet electrolytic condenser give this type an ad- 
vantage over other condensers in which a breakdown of the dielectric would result 
in permanent damage. 

5.231. Question. Why is an additional plate-grid feedback condenser 
sometimes necessary in a crystal oscillator? 

Answer. <A crystal oscillator circuit employing a tetrode or pentode tube and 
in which oscillation depends upon the feedback by means of the capacitance be- 
tween plate and control grid usually requires this feedback to be supplied by a 
small adjustable condenser connected between these electrodes. The external feed- 
back coupling is necessary owing to the effective screening between plate and 
control grid in a tetrode or pentode which gives such tubes a very low internal 
grid-plate capacitance. It is essential to keep the external coupling capacitance 
very small so that the feedback never becomes so large as to overload and pos- 
sibly shatter the crystal. 

5.232. Question. Who may authorize tests or experiments by stations 
other than mobile stations? 

Answer. See Question 5.205. 


ELEMENT 6 
ADVANCED RADIOTELEGRAPHY 


6.1. Question. What are the ratios between the average, effective, and 
peak values of a sinusoidal wave? 
Answer. The following gives the various ratios: 


Peak to effective = 1: 0.707 
Effective to peak =1: 1.141 
Peak to average = 170.636 
Average to peak = 1:1.57 
Effective to average = 1: 0.9 
Average to effective = 1: 1.11 


6.2. Question. Define the following terms: hysteresis, permeability, eddy 
currents. 

Answer. Hysteresis. Magnetic “hysteresis” is the property of a magnetic 
material by virtue of which the magnetic induction for a given magnetizing force 
depends upon the previous conditions of magnetization. (A.I.E.E. definition.) 

In popular terms “hysteresis” in a magnetic material refers to the rearrange- 
ment of molecules which lags behind the magnetizing force, causing a heat loss 
owing to the molecular friction. 


Note. The terms “hysteresis” and “hysteresis loss” are closely related, the latter being 
defined as follows: Magnetic hysteresis loss in a material for a specified cycle of magnetizing 
force is the energy converted into heat as a result of magnetic hysteresis when the magnetic 
induction is also cyclic. (A.I.E.E. definition.) 


9 


Permeability. “Permeability” is the specific conductivity of a substance for 
magnetic flux, the magnetic conductivity of air being used as a standard basic unit 
for comparison. Permeability from a practical viewpoint may be considered as 
the relative ease with which magnetic lines can be set up in a magnetic material 
in comparison with the same lines being set up in air. 

Eddy currents. “Eddy currents” are those currents which are induced in a 
body of a conducting mass by a variation of magnetic flux. 


Note. The variation of magnetic flux may be the result of a varying magnetic field or of 
a relative motion of the mass with respect to the magnetic field. (A.I.E.E. definition.) Eddy 
currents are also known as Foucault currents. 
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6.3. Question. What is the total impedance of a series a-c circuit having 
an inductive reactance of 14 ohms, a resistance of 6 ohms, and a capacitive 
reactance of 6 ohms? 

Answer. The total or resultant impedance is 10 ohms. 


Computation: Insert the given values in the impedance formula and solve as follows: 
Zrotar = V (Reotai)? + (Xtotar)? 
Rtotal = 6 ohms 
Xtotal = 14 — 6 = 8 ohms (reactive) 
Zrota = V6? + 8? = V/100 = 10 ohms 


6.4. Question. What is the total impedance of a series a-c circuit having 
a resistance of 3 ohms, an inductive reactance of 7 ohms, and zero capaci- 
tive reactance? 

Answer. The total impedance is 7.62 ohms. 


Computation: Apply the impedance formula as follows: 


Ztotal = V (Reotat)? + Xtotai)” 


Since Rtotai = 3 ohms 
and Xtotal = 7 — 0 = 7 ohms (reactive) 
then Did oN SEL = A) Se 7 62 ohms 


6.5. Question. What changes in circuit constants will double the reso. 
nant frequency of a resonant circuit? 

Answer. This can be accomplished by (a) halving both L and C, or (b) by 
keeping L the same and making C one-fourth its previous value, or (c) by keeping 
C the same and making L one-fourth its previous value. 


Discussion. Referring to the frequency formula below, it is seen that the product LC must 
be made 4 its previous value to double the frequency. 


1 
i eG 


6.6. Question. How may the Q of a parallel resonant circuit be increased? 

Answer. The Q of a parallel resonant circuit must refer to the figures of 
merit of its components because at resonance the Q of the circuit taken as a whole 
is zero. Accordingly we should use a coil whose L/R is as high as possible and 
a condenser with as small a leakage as possible. Stated in another way, the Q 
value of both coil and condenser should be as high as possible and therefore low- 
loss parts should be used. 


if 


6.7. Question. If a parallel circuit which is resonant at 1,000 kilocycles 
has its value of inductance halved and of capacitance doubled, what will 
be the resultant resonant frequency? | 

Answer. The frequency remains unchanged and therefore is at its previous 
value of 1,000 kilocycles. 
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Proof: Stated generally: If L and C are varied such that L & C remains unchanged then 
the frequency remains unchanged. The following proof is given for this statement. 


Let 
1 . 
fi = — =, where Ll) 
2aV Li Cy; are initial values. 
fi 
Now 
1 
jz = ————_,,_ where Lp 
2aV LoCo Co tare values after change. 
fe 


From the problem: 


L 
Le == and Co a 2C1 


or 
Dele = 11Ci 
1 : 
Whence fo = ———— = /fi, or the frequency remains unchanged. 
ey) TG. 


6.8. Question. Assume a resistance of 8 ohms in parallel with a resistance 
of 6 ohms; in series with this combination is a resistance of 77 ohms. What 
is the total resistance of this combination? 

Answer. The total resistance is 80.42 ohms. 


Computation: Find the effective resistance of the parallel combination to which is added the 
series resistance of 77 ohms, as follows: 


Rete + R3 = 3.42 + 77 = 80.42 ohms 


6.9. Question. Assume an inductance of 5 henrys in parallel with a 
capacitance of 1 microfarad. If there is no resistance in either leg of this 
circuit, what is the equivalent impedance of the parallel network at reso- 
nance? 

Answer. The equivalent impedance at resonance is an infinite number of ohms. 
(See Question 5.33 for theory.) | 

6.10. Question. Why are iron cores of the type used in audio-frequency 
transformers not used in radio-frequency transformers? 

Answer. If an iron core suitable for audio frequencies were used in a radio- 
frequency coil it would cause excessive eddy current losses and would greatly in- 
crease the radio-frequency resistance (decrease Q) of the coil. This would result 
in an unusual broadening of the tuning, which would destroy the selective quali- 
ties required of a radio-frequency circuit. A core of special grade powdered iron 
is required when used with r-f coils to provide good tuning properties and adjust- 
ment of band width. 

6.11. Question. Why should the metallic case of a high-voltage trans- 
former be “grounded”? 

Answer. Grounding an exposed metallic part like a transformer case is a 
protection to personnel against possible high-voltage shock. A safety gap is 
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usually provided across the secondary so that grounding the case permits disrup- 
tive high-voltage surges to dissipate directly to ground. By grounding the case 
and other nearby parts electrostatic fields cannot be set up between them. With 
the case grounded, a faulty ground in the transformer cannot build up voltages 
dangerous to connected equipment. 

6.12. Question. What turns ratio should a transformer have which is to 
be used to match a source impedance of 500 ohms to a load of 10 ohms? 

Answer. The primary to secondary turns ratio should be 7.1 to 1. 


Computation: Insert the given values in the formula and solve, thus 


2 SON ges 25 3 1500s a 
urns ratio N, — Z = 10 — 1 


6.13. Question. What would happen if a transformer designed for oper- 
ation on 60 cycles were connected to a 120-cycle source of the same voltage? 

Answer. The primary impedance would be greater at the higher frequency, 
thus lowering the primary exciting current, and the transformer would not deliver 
its rated power. 

6.14. Question. What would happen if a transformer designed for oper- 
ation on 500 cycles were connected to a 60-cycle source of the same voltage? 

Answer, A very large current would be drawn by the primary owing to its 
low impedance at 60 cycles and the winding would overheat badly, which might 
cause it to burn out. 

6.15. Question. What is the principal disadvantage of using a dynamotor 
rather than a motor-generator to furnish plate power to a small mobile 
transmitter? 

Answer. The principal disadvantage of a dynamotor for this class of service 
is that it delivers a single voltage which cannot be regulated or changed as would 
be possible with a motor generator. Since only one field is used in common for 
both the motor and generator functions, any change in the field current would 
change speed and seriously effect the load-voltage characteristics of the machine. 
However, in service a noticeable change in field current may be expected at times 
because of the use of storage batteries for power supply, and their state of charge 
may vary considerably under different conditions of operation. Another disad- 
vantage of a dynamotor is its poor voltage regulation under varying loads; the 
voltage generated by a dynamotor without load is comparatively very much higher 
over the voltage on load than for similar conditions in a motor-generator set. 

6.16. Question. How may the output voltage of a dynamotor be regu- 
lated? 

Answer, By varying the input voltage applied to the dynamotor. This is not 
a very efficient means since it affects the speed-load characteristics. 

6.17. Question. What is the line current of a single-phase, 7-horsepower 
a-c motor when operating from a 120-volt line at full rated load and at a 
power factor of 0.8 and 95 per cent efficiency? 

Answer. The line current is 57.2 amperes. 


Computation: First step is to convert 7 horsepower to electrical power, or watts; next 
step is to find the power in watts at 95 per cent efficiency; last step is to use the wattage 
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value just found together with the given voltage and power factor values to determine the 
line current. The three steps are worked out as follows: 


(1) P =7 horsepower = 7 X 746 = 5,222 watts (rated load) 
: hanical 
P. = electrical power = entra ak cea SASS : 
efficiency 
222 
(2) P. = electrical power = Tete 5,490 watts 
P, = EI cos @ = 5,490 
5,490 5,490 
3 I = —_ = ———_ = 587.2 
(3) EXcos@ 120 X08 Pde 
* We: output 
Stated another way: Pinput = ————— 
Efficiency 


6.18. Question. What is the effect of an inductive load on the output 
voltage of an alternator? 

Answer. The output voltage of an alternator will be decreased with an induc- 
tive load. | 

6.19. Question. What is the principal advantage in the use of a dyna- 
motor rather than a motor generator to furnish plate power to a small 
mobile transmitter? 

Answer. The compactness of a dynamotor is its chief advantage over a motor 
generator. A dynamotor has only one field and one armature on which is placed 
the input and output windings whereas a motor generator consists of two separate 
units comprising two fields and two armatures. 

6.20. Question. Define “voltage regulation.” 

Answer. The voltage regulation of a direct-current generator is the final change 
in voltage with constant field rheostat setting when the specified load is reduced 
gradually to zero, expressed as a per cent of rated load voltage, the speed being 
kept constant. (A.I.E.E.-definition.) 


Note. In practice it is often desirable to specify the over-all regulation of the generator 
and its driving machine, thus taking into account the speed regulation of the driving machine. 
(See the answer to Question 3.121 for the voltage regulation formula.) 


6.21. Question. What means may be used to measure radio-frequency 
current? 

Answer. The hot-wire ammeter and thermocouple ammeter are two instruments 
which will measure radio-frequency current. 

6.22. Question. How may the range of a thermocouple ammeter be in- 
creased? 

Answer. The indicating range of the meter attached to a thermocouple may be 
increased by inserting a voltage dropping resistor in series with the meter con- 
nection. Ordinarily it is not advisable to use resistance shunts or current trans- 
formers at the thermocouple itself to accomplish this purpose, although it may be 
done. Another method is to connect a low capacitance in series with the thermo- 
couple and then connect this combination across a high capacitance which is in 
series with the circuit. 
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Fic. 103a. The negative and positive plates of the type MVA Exide cell. 


. Positiv€ Swedged into 
_ Pole Steel Lug” 


Hard Rubber 
Gland Cap 


Pocket 
don Oxide) 


“(Nickel Hydra ! : 


Nickel {a 5 ; 


Side Rod | 
insulator. 


‘Solid Steel 
Container 


Fic. 103b. Cross-sectional view of the Edison storage cell. 
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N. J. 
MANASQUAN 


=>" RADIO BEACON 
AQ FIRE ISLAND L.S. 


“RIX” 


Art LR AGN (Tf. C 


OC SEOAGN 


Fic. 104. (a) Illustrating method used to furnish a bearing to a vessel not equipped with 
direction-finding equipment. The map shows the New York harbor entrance group of 
direction-finder stations maintained by the United States Navy. The position of a vessel is 
plotted from three cross-bearings taken simultaneously by these shore stations on signals 
sent out by the ship’s transmitter. The center of the small triangle usually formed where 
the lines intersect is known as the “fix” and is considered to be the position of the vessel. 
(b) With direction-finding equipment aboard a vessel its position can be plotted by taking 
bearings on two or three radiobeacon stations maintained by the United States Lighthouse 
Service. Radiobeacon stations in New York harbor and vicinity are the Ambrose Lightship, 
Fire Island Lightship, Scotland Lightship, and Barnegat Lightship. The small sketch illus- 
trates the principle applied to obtain a bearing on a single radiobeacon station. By forming 
a triangle in which two angles, A and B, are known from two bearings taken at intervals, 
and one side a is also known, because it is the distance in miles traveled by the ship in the 
time between the taking of the bearings, then the other side b, or the distance between the 
radiobeacon station and the vessel, is found by solving for b in following equation, where 


a-sin B 


sin A 


Calls of stations: Fire Island (master station NJY), Sandy Hook (NHD), Manasquan 
(NFK). 
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6.23. Question. Does the scale of an a-c ammeter indicate peak, effective, 
or average current values? Explain your answer. 

Answer. Ana-c ammeter indicates effective value. The force tending to rotate 
the moveable coil at any instant is proportional to the square of the current flowing 


Fic. 105. A type of auto-alarm shown with cover and front panel open. (Courtesy of Radio- 
marine Corporation of America.) 


at that instant. However, the inertia of the coil prevents it from following the 
rapid current changes between zero and peak values and actually the coil moves 
up to a position determined by the average value of the deflecting force. Since 
the deflecting force depends upon the value of the current squared, as already 
stated, the movement of the coil and its pointer will be proportional to the effective 


value of the current. 
6.24. Question. How may the power in an a-c circuit be determined? 
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Answer. The power in an a-c circuit may be determined by the use of a watt- 


meter. Also, if the power factor of the circuit were known this value could be 
multiplied by the product of the current and voltage readings to determine the 
power. 

6.25. Question. A ship’s transmitter has an antenna current of 8 amperes 
using Al emission. What would the antenna current be when this trans- 
mitter is 100 per cent modulated by sinusoidal modulation? 

Answer. 9.8 amperes. 


Calculation: Without modulation the antenna current is 8 amperes and with 100 per cent 
modulation it will increase 22.5 per cent, or 1.225 x 8 = 9.8 amperes. 


6.26. Question. The d-c plate input to a modulated class C amplifier with 
an efficiency of 60 per cent is 200 watts. What value of sinusoidal audio 
power is required in order to ensure 100 per cent modulation? 50 per cent 
modulation? 

Answer. An audio power of 100 watts is required for 100 per cent modulation 
and 25 watts for 50 per cent modulation. 


Calculation: The formula below gives the relation between (1) the audio power necessary 
to produce the side-bands which convey the intelligence, indicated as side-band power, Psp», 
(2) the d-c plate input to the modulated r-f amplifier necessary to produce the carrier and 
including power dissipated in the plate, indicated as carrier power, P., and (3) the percentage 
of modulation, indicated by the modulation factor, m. For 100 per cent modulation m = 1, 
and for 50 per cent modulation m = 0.5. 


m 
Psb = — Pay pur 


Problem 1. Let P, equal 200 watts and m equal 1. Then 


1 
Pap = oi xX 200 = . X 200 = 100 watts, audio power 


Problem 2. Let P, be equal to 200 watts and m equal 0.5. Then 


Ue 0.25 : 
Psb = or X 200 = an X 200 = 25 watts, audio power 


6.27. Question. What increase in antenna current will be observed when 
a radiotelephone transmitter is modulated 100 per cent by a sinusoidal wave 
- form? 

Answer. The increase will be 22.5 per cent, or 1.225 times the unmodulated 
value. 

6.28. Question. What is the total band width of a transmitter using A2 
emission with a modulating frequency of 800 cycles and a carrier frequency 
of 500 kilocycles? 

Answer. The band width is 1,600 cycles. 


Computation: In this example, during modulation the upper and lower side-band frequencies, 
respectively, are equal to 500,000 + 800 and 500,000 — 800, and the sum of these two side-bands 
represents the band width. In other words, the band width extends 800 cycles above the 
carrier and 800 cycles below it, or a total of 1,600 cycles. 
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6.29. Question. What are the general characteristics of the emission of 
a radiotelegraph transmitter which uses a chopper to obtain A2 emission? 

Answer. While the sending key is closed the continuous wave being generated 
is interrupted, or broken up, into groups of oscillations of constant amplitude 
which provide the tone frequency, that is, the group frequency is an audible fre- 
quency. With the chopper wheel running and the key closed each time a com- 
mutator segment “makes” with the brush a group of oscillations of constant ampli- 
tude is radiated, and with each “break” when the brush contacts an insulating bar 
there is a silent period. Hence the rate at which the oscillations are being inter- 
rupted provides the tone frequency. This type of emission is known as ICW, 
interrupted continuous wave. | 

6.30. Question. How should the bias of a grid modulated radio-frequency 
stage be adjusted? 

Answer. The grid bias should be adjusted at such a value that crest (full) 
modulation voltage drives the bias just to cutoff. Therefore, at the crest of the 
modulation voltage cycle the stage at that instant is operating essentially class B, 
and at the trough of the modulation cycle the plate current goes just to zero. 
Thus a grid modulated r-f amplifier operates class C and the amount of the cutoff 
bias is adjusted to equal the peak voltage of the modulation wave. The usual 
statement places the value of the bias voltage at about 2 times plate-current cut- 
off ; however, it may be 3 or 4 times cutoff by design. 

6.31. Question. Compare the characteristics of plate and grid bias modu- 
lation. 

Answer. The main characteristics of plate versus grid bias modulation are 
listed as follows: 


Plate modulation. 
High efficiency. 
Plate voltage varied by the audio voltage. 
Grid bias voltage more or less constant; actually the bias varies a little in a 
properly designed stage. 
Comparatively easy to adjust. 
Grid r-f excitation kept constant. 
Comparatively large audio power required. 


Grid bias modulation. 
Low efficiency. 
Grid bias voltage varied by the audio voltage. 
Plate voltage kept constant. 
Grid r-f excitation voltage kept constant. 
Comparatively low audio power required. 


6.32. Question. Is a high degree of modulation desirable in connection 
with a self-excited type of transmitter? Explain. 

Answer. No. In a self-excited type of transmitter it would be necessary to 
modulate the oscillator. Asa result the carrier frequency would vary badly during 
modulation if a reasonably large audio power were applied either in the grid or 
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plate circuits. It would be necessary to use a very small audio voltage, and this 
means low percentage modulation. 

6.33. Question. What is meant by “low level” modulation? 

Answer. Low level modulation is modulation produced at a point in a system 
when the power level is low compared with the power level at the output of the 
system. (F.C.C. Rules and Regulations 2.32.) 

6.34. Question. Why is a series resistor used in the d-c plate supply of 
a modulated radio-frequency amplifier, between the amplifier and the modu- 
lator, in a Heising modulation system? 

Answer. ‘The series voltage dropping resistor in the r-f amplifier plate supply 
is used so that 100 per cent modulation may be obtained from the Heising modu- 
lation system. In this system the modulator and the modulated amplifier receive 
their plate voltage from a common power supply, and allowing for losses it would 
be impossible to effect 100 per cent modulation if both plates were operated at 
exactly the same voltage. The voltage on the modulated amplifier plate is dropped 
to a value of about two-thirds the supply voltage which is applied to the modulator 
plate. 

6.35. Question. Should the efficiency of a grid bias modulated stage be 
maximum at complete modulation or zero modulation? Explain. 

Answer. The efficiency should be maximum at zero modulation. The expla- 
nation for this statement is that the grid bias is more negative at zero modulation 
than at full modulation, and in class C operation as the bias is made more negative 
the angle of plate current flow decreases (narrows), which means greater stage 
efficiency. 


Discussion. A grid bias modulated stage is operated class C and the value of the bias voltage 
applied beyond cutoff may be adjusted to equal the peak (crest) voltage of the audio wave. 
Therefore, the audio voltage wave will cause the bias to become minimum or the same as 
cutoff value on positive peaks (crest) of the wave, maximum on the negative peaks (trough), 
and resume normal operating value on the zero points. Also, in class C operation, as the bias 
becomes larger it results in shorter pulses of plate current, referred to as the angle of plate 
current flow. Furthermore, the efficiency varies according to the angle of plate current flow, 
the efficiency being higher for a smaller angle (shorter plate current pulses resulting from 
increased bias) and lower for a wider angle (longer plate current pulses resulting from 
decreased bias). Consequently, as the bias is made more negative in a class C stage the 
angle of plate current flow decreases (narrows), and this means greater stage efficiency ; 
but this type of operation necessitates large excitation (r-f driving) voltage. Then on the 
contrary, as the bias is made less negative on positive swings of the audio wave the efficiency 
decreases. It will be lowest at the peak (complete modulation) because at that moment the 
bias is at cutoff value with the stage operating essentially class B. 

Notes on efficiency. The following tabulations are given to suggest how the efficiency varies 
at different points of an audio wave in a grid bias modulated stage. The points on the audio 
cycle selected for illustration below are (1) the peaks of the positive swings, or crest, (2) the 
zero points at which no modulation occurs, and (3) the peaks of the negative swings, or 
trough. 

(1) At maximum (complete) modulation, or crest, the efficiency is that of a class B stage. 

(2) At no modulation, zero, the efficiency is that of a fair class C stage. 

(3) At minimum modulation, or trough, the efficiency is that of a good class C stage. 

The following list of values gives the theoretical maximum efficiencies compared with actual 
efficiencies that may be expected for each of the above three conditions. 
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Approximate 
(1) Theoretical maximum efficiency 78.5% Actual efficiency 55% 
(2) Theoretical maximum efficiency 100% Actual efficiency 65% 
(3) Theoretical maximum efficiency 100% Actual efficiency 75% 


6.36. Question. What is the purpose of the plate choke used in Heising 
modulation? 

Answer. The plate choke in a Heising modulation system is used to build up 
a reactance voltage at the audio frequencies which is shunt fed to the plate of 


the modulated r-f amplifier. ‘ 


Discussion. The choke possesses an infinite amount of reactance for the lowest audio fre- 
quencies to be handled, and it is connected in the positive high-voltage lead which is common 
to both the modulator and modulated r-f amplifier plates. Under these conditions the d.c. 
supplied to both plates by the power supply is kept substantially constant by the choke, which 
accounts for this method of modulation being known also as the constant current system. 
With audio excitation applied, the plate currents in the modulator and modulated amplifier 
tubes are inversely proportional to each other. For example, on a positive swing of audio 
excitation the modulator plate current increases a certain amount but the modulated amplifier 
plate current decreases by a like amount, which keeps the total current unchanged through 
the choke. Therefore as the modulator plate current varies with audio excitation the action 
of the choke in tending to prevent these changes through it builds up a reactance voltage 
which is applied in shunt to the modulated r-f amplifier plate. Thus the action of the choke 
provides the audio voltage which modulates the plate circuit of the r-f amplifier. 


6.37. Question. Does grid current flow in the conventional grid bias 
modulated stage of a radiotelephone transmitter under modulated condi- 
tions? | 

Answer. Yes. The stage may be adjusted to allow a small grid current to be 
drawn on the high positive peaks of audio excitation. 

6.38. Question. If the first speech amplifier tube of a radiotelephone 
transmitter were overexcited, but the percentage modulation capabilities of 
the transmitter were not exceeded, what would be the effect upon the 
output? 

Answer. The effect on the output would be positive carrier shift and distortion. 


Discussion. The first speech amplifier normally gives a linear output but overexcitation 
would result in amplitude distortion. This distortion would be greatly amplified in passing 
through the audio stages, and therefore a badly distorted wave form would go to the modu- 
lated r-f stage. The overloading of an amplifier due to overexcitation causes the distortion 
to be carried through the whole system. 


6.39. Question. What types of microphones have a high impedance out- 
put? 

Answer. Condenser and crystal microphones have a high impedance output. 

6.40. Question. What are the advantages of the single-button carbon 
microphone? 

Answer. The proper button current can be obtained readily for the single-but- 
ton type as compared with a double-button microphone in which the button cur- 
rent must be carefully balanced. A microphone transformer with center-tapped 
primary is not required with the single-button type. 

6.41. Question. Why is a “speech amplifier” used? 
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Answer. A speech amplifier consists of several audio stages operating as volt- 
age amplifiers used to raise the gain of a low-level signal from a microphone cir- 
cuit to a higher level. The output of a speech amplifier may be used for a number 
of purposes, such as to feed an audio line, drive a modulator stage, or supply 
input to a bridging amplifier for driving a loudspeaker. 

6.42. Question. What might be the causes of a positive shift in carrier 
amplitude during modulation? 

Answer. Positive carrier shift means that the amplitudes of the positive halves 
of the modulated r-f carrier are greater than the negative halves, and consequently 
the carrier power shifts upward. The following might cause this condition: 


Insufficient r-f excitation. 

Excessive grid bias on r-f amplifier. 

Poor regulation of bias supply. 

Detuned circuits. 

Overmodulation ; overmodulation may cause either a positive or negative car- 
rier shift. 

Modulator stage; excessive bias or insufficient excitation. 


6.43. Question. What is the ratio between the d-c power input of the 
plate circuit of the stage being plate modulated and the output audio power 
of the modulator for 100 per cent sinusoidal modulation? 

Answer. The ratio is 2:1, that is, the d-c power input to the plate of the 
modulated r-f stage is twice the audio power of the modulator. 

6.44. Question. At 100 per cent amplitude modulation, what is the ratio 
of peak antenna current to unmodulated antenna current? 

Answer. The ratio is 2:1. That is, the peak value when modulated 100 per 
cent is double the carrier peak value when unmodulated. 

6.45. Question. At 100 per cent amplitude modulation, what is the ratio 
of peak antenna power to unmodulated antenna power? 

Answer. The ratio is 4:1. That is, the peak antenna power at 100 per cent 
amplitude modulation is four times the antenna (carrier) power when unmodu- 
lated. 

6.46. Question. Using a regenerative receiver, without radio-frequency 
amplifier stages, describe how you would adjust to receive radiotelegraph 
signals through interference. 

Answer. To receive through interference, adjust the receiver for loose coupling 
_and if the signal is of the A2 type then set the regeneration control just below the 
point where the detector goes into oscillation. Now tune the primary and second- 
ary circuits carefully, and gradually make readjustments in the coupling followed 
by retuning for each coupling change until the peak of the desired signal is 
sharpened and made slightly stronger than the interfering signals. A slight re- 
adjustment of the regeneration control may improve the sensitivity and selectivity. 
Final critical adjustments may be made if necessary, but for any change of coup- 
ling the primary and secondary should be carefully retuned to keep these circuits 
in resonance. If the desired signal is of the Al type the foregoing procedure 
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should be used except that the detector should be set into oscillation by advancing 
the regeneration control. 

6.47. Question. What is the effect upon the sound of received type B 
emission if the receiver detector is oscillating? 

Answer. A signal from a spark transmitter comes in with a “mushy” tone, 
and in some cases it may be difficult to distinguish between the dots and dashes if 
the receiver detector is oscillating. 

6.48. Question. What effect does an incoming signal have upon the plate 
current of a triode detector of the grid-leak type? 

Answer. An incoming signal causes the plate current to undergo an average 
change which is below the normal value. 

6.49. Question. If broadcast signals interfered with your reception of 
signals on 500 kilocycles while aboard ship, how would you reduce or 
eliminate such interference? 

Answer. Connect a series-rejection type of wave-trap in series with the antenna 
lead-in to the receiver and tune the wave-trap to the frequency of the interfering 
signals. (See Figure 30.) 


Discussion. The series-rejection wave-trap is a parallel resonant circuit consisting of a 
coil and a variable condenser. When tuned to the interfering signal frequency it will have 
maximum impedance at this frequency, but other frequencies will pass through it and flow 
in the antenna circuit of the receiver. Frequencies below the frequency at which the wave-trap 
is tuned pass through the inductance branch of the combination since its reactance is less for 
these frequencies, and frequencies above the wave-trap frequency pass through the capacity 
branch as its reactance decreases at the higher frequencies. 


6.50. Question. Describe how you would test a regenerative receiver to 
determine if the detector is in an oscillating condition. 

Answer. If the regeneration control is retarded while a regenerative detector 
is oscillating, a sound, best described as a “plop,” will be heard in the headphones 
when the detector is taken out of oscillation. Another test that will indicate oscil- 
lation is to touch the finger to the grid lead or grid terminal of the detector socket 
and again the familiar “plopping” sound will be heard as the detector stops oscil- 
lating. 

6.51. Question. Discuss the relative advantages and disadvantages of a 
' stage of radio-frequency amplification as compared with a stage of audio- 
frequency amplification for use in connection with a regenerative detector. 

Answer. In general a stage of radio-frequency amplification is preferable be- 
cause it increases the selectivity and sensitivity of the receiver, besides acting to 
isolate the detector from the antenna, which prevents radiation of an interfering 
wave when the detector is in an oscillating condition. The tuning requirements 
are increased by the addition of an r-f stage. The advantage of an audio-frequency 
stage is that it is capable of building up a stronger signal, that is, providing a 
greater gain per stage, than is possible in an r-f amplifier. For headphone recep- 
tion a stage of r-f amplification is more desirable, but if a loudspeaker were to 
be used an audio stage would answer best. 

6.52. Question. If a ship’s regenerative receiver failed to oscillate when 
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the regeneration control was advanced, explain the possible causes and 
remedies. 

Answer. On the assumption that an AZ signal could be received, the most 
likely causes for non-oscillation.in a marine type of regenerative receiver are: low 
plate voltage, low filament voltage, low emission detector tube, and defective oscil- 
lation test switch. The remedies are obvious. Replace a low “B” battery with 
a fresh one, recharge filament battery, replace detector tube with a good spare, 
and correct defective switch action. A commercial marine type receiver may be 
provided with an oscillation test switch which might be stuck closed and thus keep 
the tickler coil short-circuited. 

6.53. Question. Explain how you would test the various components of 
a receiver of the three-circuit regenerative type in “trouble shooting.” 

Answer. The various components of a three-circuit regenerative receiver are 
itemized below with suggestions for testing, which consists essentially of checking 
for opens, shorts, and grounds. The list also includes tubes, batteries, headphones, 
and antenna and ground connections. A continuity meter made up of a voltmeter 
and battery in series, or headphones and battery, would serve generally to check 
for the more common troubles. An ohmmeter could be used to check for normal 
resistance values and also for continuity checking. 

(a) Three-circuit tuner Primary, secondary, and tickler coil can be checked 
for continuity, which should include each tapped switch point. Check pigtail con- 
nections on the antenna coupling coil and tickler coil for a possible break which 
may be hidden beneath the cotton loom which is generally used to enclose the flex- 
ible wire. The continuity of the grid circuit could be checked from the connections 
at the filament and to the grid-leak. Continuity of the entire plate circuit could 
be checked from the plate terminal of the detector tube socket to the +B battery 
connection; this check includes the tickler coil and primary of the first audio 
transformer. 

(b) Tuning condensers. Check for a warped condenser plate that may rub 
and short-circuit and for imperfect electrical contact to the rotor element. 

(c) Audio transformers. The primary and secondary windings would be 
tested separately for possible break in the wire; the continuity meter would indi- 
cate “open” for this trouble. 

(d) Grid-leak and condenser combination. A defective grid-leak could be 
tested for an open-circuited condition with headphones and battery in series, using 
a 45-volt “B” battery in this case. The condenser could be checked by the click 
method, using phones and battery as follows: a good condenser will be charged 
when the test circuit is connected across it as indicated by a click in the phones, 
and then by opening and closing the test circuit several times in quick succession 
the click will diminish in strength each time contact is made and will finally 
become barely audible when the condenser has a full charge. A shorted con- 
denser will give a loud click each time contact is made and no click if open-cir- 
cuited. 

(e) Rheostats. Examine rheostats for proper contact pressure on the resist- 
ance wire. 
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(f) Switches. Check switch blades and contact studs for proper contact and 
for proper spring tension so as not to permit unnecessary wear and cutting into 
the contact surfaces. Check oscillation test switch to see that it operates freely 
and will not stick closed, causing the tickler coil to be short-circuited. 

(g) Headphones, cords, jacks. Check for open in phone windings, weak 
magnets, broken strands of the fine tensil wire in the phone cords, and examine 
phone jacks for proper contact and action between spring leaves. 

(1) Antenna safety gap, antenna and ground connections. A commercial 
type regenerative receiver is provided with a protective spark gap connected be- 
tween antenna and ground which might become short-circuited ; check the gap and 
use a thin card to clear it of any accumulation of dust or dirt. Examine the strap 
or clamp where the actual ground connection is made and clean and tighten if 
necessary. Check the antenna lead-in to the antenna post. 

(1) Soldering and wiring. A cold-soldered joint or a corroded connection 
somewhere in the r-f circuits might cause trouble due to the forming of a very 
high r-f resistance, which is often difficult to locate. Ordinary continuity checking 
usually will not detect this condition. If this seems to be the trouble, it is, best to 
resolder and remake all such connections in the hope of finding the faulty one. 

(j) Batteries. A common source of trouble is a low “B” battery or worn 
out “C” battery. If a 45-volt “B” battery has dropped to about 37 volts it 
should be replaced with a fresh one and at the same time replace the “C” battery, 
always renewing them together. The filament storage battery should be checked 
as a possible source of trouble. 

(k) Tubes and tube sockets. A low emission tube will give trouble. If the 
condition of the tubes is doubtful they should be replaced with spare tubes known 
to be good. Trouble may result if the pins in the tube base make poor contact 
in the socket ; clean the parts with fine sandpaper if corroded and check for proper 
spring tension. 

Note. The foregoing list does not suggest any order of sequence in “trouble shooting” 
since this differs according to the symptoms, but in the case of an inoperative receiver or 


failure to oscillate the tubes and batteries or power supply voltages ordinarily would receive 
first consideration. 


6.54. Question. What is the effect of connecting a high value of resist- 
ance in parallel with the primary of an audio transformer in a regenerative 
receiver? 

Answer. A high resistance across the primary of the audio transformer will 
eliminate fringe howl. The howl may be produced by the plate load impedance 
returning energy to the oscillations in the proper phase at the most sensitive 
adjustment of regenerative feedback and the purpose of the resistor is to make the 
load impedance less inductive. The value of the resistance should be equal approx- 
imately to the plate resistance of the tube. 

6.55. Question. Why should a superheterodyne receiver, used for the 
reception of Al signals, be equipped with at least one stage of radio-fre- 
quency amplification ahead of the first detector? 

Answer. The r-f stage will reduce image frequency response and prevent radi- 
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ation of the local generated frequency. Selectivity and sensitivity are both im- 
proved by the use of the r-f stage. 

6.56. Question. What is the chief advantage to be gained in the utili- 
zation of high intermediate frequencies in a superheterodyne receiver? 

Answer. The possibility of image-frequency response is reduced. 

6.57. Question. If a superheterodyne receiver is receiving a signal on 
1,000 kilocycles and the mixing oscillator is tuned to 1,500 kilocycles, what 
is the intermediate frequency? 

Answer. The intermediate frequency is 500 kilocycles, or the difference be- 
tween the oscillator and signal frequencies. 

6.58. Question. Why are diode detectors usually employed in modern 
radio receivers? 

Answer. <A diode detector has several desirable features as follows: it operates 
with an almost perfect linear characteristic, giving excellent reproduction of the 
signal wave shape with small distortion; it can handle comparatively large signal 
power ; and it is adaptable for use with automatic volume control (avc) and auto- 
matic frequency control (afc) circuits. 

6.59. Question. What is the purpose of an auxiliary receiving antenna 
installed on a compulsorily equipped vessel which is also fitted with a 
direction finder? 

Answer. The auxiliary antenna connects to the ship’s receiver and enables the 
operator to maintain the compulsory listening watch on 500 kilocycles, distress 
wave, twice each hour for three minute periods irrespective of whether the direc- 
tion finder may be in use during those periods. 

6.60. Question. What is the primary purpose of a “break-in” relay asso- 
ciated with a radiotelegraph transmitter? 

Answer. A break-in relay provides a means for rapidly changing from trans- 
mission to reception and vice versa, which enables the operator at the sending 
station to listen-in during the rapid succession of spacing periods while sending. 
Hence, it is possible for the operator at the sending station to receive a signal from 
the station receiving that would indicate interference encountered or a request 
for repeat without necessarily waiting for the end of traffic. The relay contacts 
are adjusted so that each. time the operator’s key is in the “up” position the 
receiver is connected to the antenna. 

6.61. Question. When an antenna is erected, why should precautions be 
taken to prevent the wire from kinking? 

Answer. A kinked wire is likely to break when subjected to a strain. A slight 
change in electrical characteristics might result from a kinked wire. 

6.62. Question. What may be the cause of noisy operation of a regenera- 
tive, three-circuit receiver having two stages of audio-frequency amplifica- 
tion? 

Answer. Noisy operation may be caused by the following: run down SB vand 
“C” batteries, poor antenna and ground connection, leaky bypass condenser, defec- 
tive tube, defective audio transformer, defective grid leak, loose or poorly soldered 
connections, excessive “A” or “B” voltages, imperfect electrical contact at rotor 
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of variable condenser, excessive tickler coupling, critical regeneration adjustment, 
and moisture within the set. 

6.63. Question. How may the frequency of the antenna circuit of a 
shipboard receiver be lowered? 

Answer. By increasing the inductance of the antenna circuit, for example, by 
connecting an inductance in series or by increasing the number of turns in a 
tuning inductance already connected. If an antenna tuning condenser were pro- 
vided its capacitance should be increased to accomplish the same purpose. 

6.64. Question. How may the frequency of the antenna circuit of a ship- 
board receiver be increased? 

Answer. By decreasing the inductance of the antenna circuit, for example, by 
using less turns at the antenna tuning coil. Also, by decreasing the capacitance of 
the antenna tuning condenser. 

6.65. Question. What is the directional reception pattern of a loop an- 
tenna? . 

Answer. A loop antenna gives a figure-of-eight pattern with the line of direc- 
tion of the signal wave in a plane with the loop. See Figure 106. 
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Fic. 106. The bilateral directional pattern consists of two large circles. 


6.66. Question. What is the directional reception pattern of a vertical 
antenna? : 

Answer. The pattern is a concentric circle with the antenna as the axis. See 
Figure 107. 
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Fic. 107. The non-directional pattern consists of a circle. 
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6.67. Question. What is meant by “split tuning”? 

Answer. “Split tuning” is an effect resulting from tight coupling between two 
radio-frequency circuits which may cause the operating frequency suddenly jump- 
ing to some other frequency. The response curve for a condition of close coupling 
has two pronounced peaks, or double humps, indicating two frequencies differing 
by a relatively large percentage. 

6.68. Question. Why should a transmitter be adjusted at reduced power? 

Answer. Adjusting a transmitter at reduced power is a safety measure because 
when operating detuned plate circuits at full power the plate current may rise to 
abnormally high values, which could ruin tubes and damage component parts. 
The plate current may be kept within safe limits by using low power when making 
adjustments. 

6.69. Question. How is the power output of a marine vacuum tube radio- 
telegraph transmitter ordinarily adjusted? 

Answer. The minimum amount of power necessary to ensure reliable commu- 
nication should be used at all times. A generator field rheostat is used to control 
the amount of power. ; 

6.70. Question. A marine transmitter uses 500-cycle alternating current 
for plate supply. It is rectified by a full-wave rectifier circuit but is not 
filtered. How would the emission be classified? 

Answer. A2 emission. 

6.71. Question. In general, what advantages may be expected by the use 
of high frequencies in radio communication? 

Answer. Signals covering great distances may be obtained from compact trans- 
mitters operating on comparatively low power; relatively small antenna systems 
arentused. 

6.72. Question. How is the antenna aboard ship changed most rapidly 
from the transmitter to the receiver during the course of communication? 

Answer. By the use of a break-in relay. . 


Discussion. One type of break-in relay employs three pairs of contacts which function as 
follows: When the sending key is up one pair opens and applies high blocking voltage to stop 
oscillation, another pair opens the antenna to ground circuit, and the third pair closes and 
connects the antenna to receiver input. When the sending key is down the functions are 
reversed, that is, grid blocking bias is removed and oscillations are generated, the antenna is 
connected through to ground, and the input to the receiver is short-circuited. 


6.73. Question. How can you determine the optimum coupling between 
the closed circuit of a spark transmitter and the antenna circuit? 
Answer. The coupling is tightened to a point where any further increase will 
not increase the antenna current. The coupling may then be loosened slightly and 
left at this point. 

6.74. Question. What are the primary factors which determine the fre- 
quency of emission of a spark transmitter? 

Answer. The frequency of emission of a spark transmitter is determined by 
the- constants of the closed oscillatory circuit, principally by the L-C values and 
somewhat on the R of this circuit due to the gap. 
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6.75. Question. What is the best method of reducing the power output 
of a spark transmitter? 

Answer. Reduce the voltage output of the a-c generator by increasing the resist- 
ance of the generator field rheostat. 3 

6.76. Question. Why are protective condensers connected across the low 
potential a-c circuit of a spark transmitter? 

Answer. The condensers protect low-potential transmitting apparatus from 
high-voltage radio-frequency surges. A device of this kind consists usually of a 
number of condensers connected in series with the middle leg grounded and the 
extreme outside leads connected across the low-potential circuits to be protected, 
for example, across the windings (armature and field) of the motor-generator set. 

6.77. Question. Upon what factor(s) does the spark, or note, frequency 
of a spark transmitter depend? 

Answer. The spark, or note, frequency depends upon the frequency of the a.c. 
supplied by the generator and the type of spark gap. The frequency of the a-c 
generator is governed by the speed of the motor which is controlled by a motor 
field rheostat. The note frequency will be twice the generator’s frequency with 
the use of a quenched gap or a synchronous rotary type gap. 

6.78. Question. What factors determine the output frequency of a marine 
arc type radiotelegraph transmitter? 

Answer. The frequency depends upon the constants of the antenna system 
which include: antenna capacitance, antenna inductance, antenna loading and tun- 
ing inductance, variometer, and series (short-wave) condenser. The last two tun- 
ing units mentioned may or may not be included, depending upon the equipment. 

6.79. Question. Why is it essential that pure water be used in the cool- 
ing system associated with an arc transmitter? 

Answer. Pure water possesses very high insulating properties, and although in 
actual contact with the anode and cathode it has negligible effect on the power. 
However, impure water would form a partial short-circuit path across the arc 
and the d-c generator, resulting in:serious loss of power. In an extreme case 
impure water would ground the + high-voltage. 

6.80. Question. What is the purpose of the hydrogen gas, liberated from 
the injected alcohol, in the arc chamber? 

Answer. It is necessary to operate the arc in an atmosphere of hydrépert or 
a hydrogenous vapor in order to produce radio-frequency oscillations of high 
power from a comparatively low-voltage d-c supply. The burning of the arc in 
the hydrocarbon vapor causes ionization of the gas molecules, which greatly in- 
creases the conductivity of the gap periodically, resulting in oscillation of high 
amplitude. 

6.81. Question. Describe the “back shunt” method of keying an arc 
transmitter. 

Answer. The back-shunt method of keying operates on the principle of keeping 
the arc generating continuously and switching it either to the antenna system or 
to a local substitute oscillatory circuit through suitable relay key contacts. The 
substitute oscillatory circuit is the “back-shunt” circuit. When the key is down 
to send a code character the arc works into the antenna circuit, but when the key 
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is up the arc is switched to the back-shunt circuit and no wave is radiated. The 
are is kept from being extinguished when it is switched from one to the other of 
the r-f circuits by adjusting an iron plate inductor in the back-shunt circuit to 
provide sufficient r-f current in this circuit compared with the antenna current. 
Also, a delayed action of the relay contacts momentarily allows both r-f circuits 
to be in shunt with the arc. If the arc were left disconnected from either of 
these oscillatory circuits, even for a moment, the arc would go out, necessitating 
the striking of it again to start oscillation. (See Figure 60.) 

6.82. Question. Of what material is the anode of a marine arc type trans- 
mitter composed? 

Answer. The anode is a copper tip brazed to tubing through which pure water 
is circulated for cooling. The cathode is a carbon rod. 

6.83. Question. Compare the advantages and disadvantages of a modern 
marine type vacuum tube transmitter and a marine type spark transmitter. 

Answer. The comparative advantages and disadvantages of a modern vacuum 
tube transmitter and spark transmitter for marine services are listed as follows: 


Vacuum tube transmitter. 

Advantages: 
Emits a sharper wave with less interference. 
Operates satisfactorily on any frequency in the communication bands. 
More efficient. 
Greater communication distance for a given input power, 
Fewer harmonics or off-frequency radiations. 
Permits wider range of tone frequencies. 
Transmission on two types of waves, Al and Az. 

Disadvantages: 
Vacuum tubes and replacement requirements. 
More parts and complex circuits, more sources of possible trouble. 


Spark transmitter. 
Advantages: 
No vacuum tubes. 
Fewer parts and simpler circuits. 
In case of emergency the circuits can be adjusted to emit a very broad distress 
signal. 
Disadvantages: 
Emits a broad interfering wave with normal adjustment. 
Inefficient. 
Radiates strong off-frequency waves. 
Limited for use to the low and medium frequency communication bands; can- 
not be used for high-frequency, or short wave, communication. 
Cannot provide type Al wave; good only for type B. 


6.84. Question. What is meant by a “self-rectified” circuit, as employed 
in marine vacuum tube radiotelegraph transmitters? 
Answer. A self-rectified circuit in commercial radiotelegraph transmitter appli- 
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cations refers to a circuit in which an a-c voltage without being filtered is applied 
directly to the plates of oscillator tubes which function during positive alternations 
of the power cycle to generate oscillations for emission. The frequency of the 
a-c plate supply must be such that it will provide the note, or tone, frequency of 
the signal. 


Principle of operation. If two oscillator tubes are employed with their plates connected 
respectively to opposite ends of the center-tapped secondary of a power transformer the ar- 
rangement will result in each tube drawing plate current alternately for each power cycle 
similar to the function of the tubes in a conventional full-wave rectifier -circuit. Whichever 
tube is active it produces a group of oscillations which vary in amplitude according to the 
voltage wave shape of the plate power cycle. Since two groups of oscillations are produced 
for each cycle of the power supply, the tone frequency for a supply frequency of 350 cycles 
will be 700 cycles. This type of wave is classified as type A2 emission. (See Figure 108.) 
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Fic. 108. Complete diagram of an emergency marine transmitter providing type A2 wave and 
operating from a heavy-duty 12-volt storage battery. 


6.85. Question. What is the principal advantage to be gained by the use 
of a crystal-controlled oscillator in a marine radiotelegraph transmitter? 

Answer. Greater frequency stability because the amount of frequency drift is 
kept within very narrow limits. 

6.86. Question. Discuss the advantages and disadvantages of self-excited 
transmitters as compared with master-oscillator power-amplifier transmit- 
ters. 

Answer. The frequency stability of a transmitter is improved by the use of a 
power amplifier following the master oscillator. This arrangement permits the 
oscillator to be worked at comparatively low power, and the desired output power 
may be readily obtained by means of one or more r-f amplifier stages. However, 
the additional parts and tubes mean more circuit adjustments and more sources 
of possible trouble. A power amplifier stage serves to isolate the oscillator from 
the antenna so that reactions on the oscillator are reduced to a minimum, for 
example, reactions such as might be caused by variations in antenna capacitance. 
In the case of a self-excited type its commercial application is limited practically 
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to emergency radiotelegraph transmitters. Since the oscillator in this type is 
coupled into the antenna it is subject to heavy plate circuit load changes that may 
result in serious frequency instability. A few advantages of the self-excited type 
are less tubes, less parts, and simpler circuits. 

6.87. Question. What is meant by the expression “motor-generator is 
hunting”? 

Answer. Any periodic motion of the rotor of an alternator on either side of 
the angular position it would normally occupy is known as hunting. This may 
be brought about by the natural vibration period of the driving motor. The 
periodic variations in turning torque of the motor due to vibration are imparted 
to the alternator rotor causing a secondary movement, or oscillation as it is called, 
which may occur in step with the rate of variation of angular velocity of the 
rotor and may result in the production of a synchronizing current. 

6.88. Question. If the automatic starter for the transmitter motor-gener- 
ator failed to operate when the switch was closed, what might be the 
trouble? 

Answer. No line voltage, blown fuse, defective, or improperly adjusted switch, 
open in main contactor coil of starter, defective contact bar action, insufficient 
brush contact with commutator, open in motor field, open in motor armature, 
open-circuited condition due to disconnected wires, plate overload relay may have 
tripped and needs resetting. 

6.89. Question. Why is a series motor not used in radio power supply 
motor-generators? _ 

Answer. <A series motor has a variable speed characteristic under variable load 
which makes it unsuited for radio motor-generator sets; regulation would be ex- 
ceptionally poor. Furthermore, such machines must operate with a load always 
kept applied, which is impracticable in radio power supply applications. 

6.90. Question. If a 3-horsepower, 110-volt d-c motor is 85 per cent effi- 
cient when developing its rated output, what will be the line current? 
Answer. 23.9 amperes. 


Computation: First step is to convert 3 horsepower to electrical power in watts; next step 
is to find the power in watts at 85 per cent efficiency; last step is to use the wattage value 
just found together with the given voltage value to determine the line current. The three 
steps are worked out as follows: 


(1) P = 3 horsepower = 3 X 746 = 2,238 watts (rated load) 


mechanical power * 
- Cus electrical POWel = 


efficiency 
2,238 
(2) P, = electrical power = SAR Gal 2,632.9 watts 
Pelt x) ===2,052.9 wats 
Tong) S29 
(3) l= mer iaii = 23.9 amperes 


Poutput 
* Stated another way: Pinput = apes te 
efficiency 
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6.91. Question. If an auxiliary storage battery has a voltage of 12.4 volts 
on open circuit and 12.2 volts when the charging switch is closed, what is 
the difficulty? 

Answer. The drop in voltage indicates that the charging polarity is reversed. 

6.92. Question. Why should an Edison storage battery not be charged 

at less than the normal rate specified by the manufacturer? Explain. 
_ Answer. If the charging rate is less than the recommended value the battery 
will not give its rated ampere-hour capacity. The chemical reactions during charge 
are the oxidation from a lower to a higher oxide of nickel in the positive plate 
and the reduction from iron oxide to metallic iron in the negative plate. These 
chemical reactions are not fully realized at low charging rates. | 

6.93. Question. Lacking an hydrometer, how may the state of charge of 
a storage battery be determined? 

Answer. A close estimate of the state of charge can be obtained by means of 
a voltmeter reading of a battery when on normal load. In the case of a battery 
being charged it can be determined with reasonable accuracy when it is fully 
charged by observing the gassing. A lead-acid battery charging at normal rate 
begins to gas freely when fully charged or nearing the completion of a charge. 
Of course, a small amount of gassing is expected at all times during charge, but 
it becomes very active at the end of the charging period and if the gassing con- 
tinues this way without apparent change for about 2 hours it indicates full charge. 
Note that excessive, or violent, gassing due to overcharging or charging at too high 
a rate should not be confused with normal conditions. 

6.94. Question. Your emergency battery has a specific gravity of 1.120. 
What should be done? 

Answer. The battery should be put on charge immediately after first adding 
distilled water, or approved pure water, to the proper level. 

6.95. Question. Why should care be taken in the selection of water to 
be added to a storage cell to replace that lost by evaporation? 

Answer. Only distilled water, or approved pure water, should be used so as 
to keep out chemical or metallic impurities that would cause local action and pos- 
sibly ruin the cell. 

6.96. Question. A discharged storage battery of three cells has an open 
circuit voltage of 1.8 volts per cell and an internal resistance of 0.1 ohm 
per cell. What potential is necessary to produce an initial charging rate 
of 10 amperes? 

Answer. The charging potential is 8.4 volts. 

Solution: The charging potential must equal the voltage of the three cells plus 
the internal voltage drop of the cells for a 10-ampere current. 


3 X 1.8.= 5.4 volts, voltage of the 3 cells 

3 X 0.1 = 0.3 ohms, internal resistance of the 3 cells 
0.3 10 = 3 volts, internal voltage drop of the 3 cells 

9.4 + 3 = 84 volts, charging potential 


6.97. Question. What capacity storage battery is required to operate a 
50-watt emergency transmitter for 6 hours, assuming a continuous trans- 
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mitter load of 70 per cent of the key-locked demand of 40 amperes? The 
emergency light load is 1.5 amperes. 

Answer. The actual requirements call for a 177 ampere-hour battery. How- 
ever, a standard heavy-duty battery of one type that would fill these requirements 
is rated at 198 to 210 ampere-hour capacity. 

Solution: The ampere-hour capacity equals the sum of the light load, 
61.5 =9, and 70 per cent of the transmitter load, 6 X 40 X 0.7 = 168, or 
9 + 168 = 177 ampere-hours. 

6.98. Question. Why does the charging rate to a storage cell being 
charged from a fixed voltage source decrease as charging progresses? 

Answer. The charging process gradually lowers the internal resistance of a 
cell, which raises its voltage, and, consequently, as the cell’s voltage becomes 
higher it presents more opposition to the line e.m.f., which slightly tapers off the 
charging rate. 

6.99. Question. If you place the emergency batteries on charge and the 
overload circuit breakers refuse to stay closed, what is the trouble? 

Answer. The trouble might be caused by: reversed charging polarity, lack of 
charging voltage, charging voltage too low. 

6.100. Question. If part of the secondary winding of the power supply 
transformer of a transmitter were accidently shorted, what would be the 
immediate effect? 

Answer. The primary current would immediately rise to an excessive value 
and any possible damage probably would be prevented by overload protection in 
the line. 3 

6.101. Question. What are the relative advantages of the condenser-input 
and choke-input filter circuits? 

_ Answer. The condenser-input filter provides higher voltage output. The choke- 
input filter operates with a lower inverse peak voltage and has better voltage regu- 
lation. 

6.102. Question. What is the principal function of the filter in a power 
supply? 

Answer. The principal function of the filter in a power supply is to smooth out 
the pulsations of the rectified a-c cycle to provide a substantially steady d-c voltage 
containing only the permissible amount of ripple frequency. 

6.103. Question. How may the filter condenser be checked for leakage? 

Answer. A voltmeter and a direct current supply in series connection with the 
condenser will indicate leakage. 

6.104. Question. What is the maximum allowable total secondary volt- 
age of a transformer to be used as a center-tapped full-wave rectifier in 
connection with rectifier tubes having a peak inverse voltage rating of 
10,000 volts? 

Answer. 7,000 volts. 


Discussion. In this type of rectifier the inverse peak voltage across the inactive tube is 
equal to the full secondary voltage, r.m.s. value multiplied by 1.41, if we neglect to consider the 
voltage drops in the active tube and the active section of the secondary. Hence, this problem 
calls for changing 10,000 volts from peak value to effective, or r.m.s., value, or 10,000 
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0.707 = 7,070 volts. (See Figure 109.) From this simplified circuit diagram it is apparent 
that the total secondary voltage is applied across the two tubes in series since their cathodes 
are in common. Whichever tube is active when drawing current will develop a voltage drop 
across itself, and also there will be a voltage drop across that half of the secondary in which 


TOTAL 
peroneal VOLTAGE DROP VOLTAGE DROP 
IN ACTIVE IN ACTIVE 
SECONDARY (ay TUBE 
Ss) {. 
+ 
INVERSE VOLTAGE 
APPLIED TO 


INACTIVE TUBE 


— {POTENTIALS DURING 
ef ONE-HALF CYCLE 
a? ephahe oO bg cae Oaks WHEN TUBE 1 IS ACTIVE 


Fic. 109. This sketch shows how a high inverse voltage is applied to the inactive tube in a 
rectifier. 


current flows. Therefore the inverse peak voltage across the inactive tube may be expressed as 
follows: 


1a ya as peak = (Tera nee Ee aoe in ao Haron in ) x 1.41 
secondary, active tube active 
r.m.s. secondary 


6.105. Question. Discuss the uses of copper oxide rectifiers. 

Answer. One of the most common applications of a copper-oxide rectifier is 
its use in conjunction with d-c voltmeters for the purpose of measuring a-c volt- 
ages of low or medium frequencies. Other uses are to supply d-c fields for electro- 
dynamic type loudspeakers and as rectifiers for battery charging equipment of the 
trickle charge type. 

6.106. Question. Explain the principle of operation of the cold cathode, 
gaseous rectifying diodes. 

Answer. The theory of current conduction in a gaseous type diode tube is 
based on the ionization of the gas from electrons which collide with or bombard 
the gas atoms, thus leaving the atoms in a positively charged state through losing 
electrons by this action. The positive atoms, or ions, seek a negative electrode to 
take on the same number of electrons they lost owing to ionization, whereas the 
electrons which were freed by collision go toward the positive electrode and repre- 
sent the conduction current. The rectification action when utilizing a cold cathode 
depends for one thing upon the difference in size of the two electrodes, one elec- 
trode being much larger than the other, and also upon the difference in magnitude 
between a positive atom and an electron which is infinitely smaller in comparison. 
In this action only a relatively few electrons leave the smaller electrode in order 
to neutralize the more limited mass of ions around its surface, but the larger elec- 
trode does not hold such restrictions. Therefore, when an alternating-current 
voltage is applied to two such electrodes it results in one-way conduction, or 
rectification. Conduction is obtained on the half cycle when the smaller electrode 
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is at a positive potential and the larger one at a negative potential, but when the 
potentials are reversed on the next half cycle, or when the smaller electrode is 
negative and the larger one positive, there is practically no conduction. Such a 
rectifier does not give 100 per cent rectification but serves effectively in practical 
applications. | 

6.107. Question. What are the advantages of the high vacuum rectifier 
tube as compared with the hot cathode gas-filled tube? 

Answer. Higher maximum inverse peak voltage rating ; less critical as to oper- 
ating temperature; warming up period not required which obviates the need for 
time-delay relay equipment. 

6.108. Question. What action permits the high conduction currents of 
a hot cathode gas-filled rectifier tube? 

Answer. In a mercury-vapor rectifier tube the tomization of the vaporized gas 
and neutralization of the negative space charge are inherent characteristics which 
account for electrons in great quantities being made available for conduction 
through the tube. These actions in turn account for the tube having a low in- 
ternal impedance, or low voltage drop, which is practically constant at 15 volts 
for all normal values of current handled by the tube. Since the voltage drop is 
very low and remains practically constant the J?F loss, or dissipation, does not 
become excessive on high currents. 

6.109. Question. What factor(s) determine the setting of the sensitivity 
control of an auto-alarm receiver approved for installation on a vessel of 
the United States? 

Answer, The prevailing noise level, static, or radio interference are the factors 
that determine the setting of the sensitivity control. 


Discussion. The sensitivity control should be adjusted so as not to allow the signal relay 
to hold over from static or interference. The proper adjustment may cause the signal relay 
to chatter slightly with average code signals or it may close occasionally from strong code 
signals or short bursts of static. If the sensitivity is set too low then a weak alarm signal may 
fail to operate the relay. If set too high for the prevailing average noise level and static the 
relay may hold over for long periods or it may chatter or vibrate steadily and the system may 
not respond to an actual alarm signal. 


6.110. Question. If you were an operator on a vessel of the United States 
equipped with an approved type of auto alarm which employs a linear 
detector and an electronic selector, what factors cause the bell to sound? 
The warning light to operate? 

Answer. The list below is divided into normal and faulty operation that would 
cause the bell to ring or the warning light to operate. 


Sounding of bell. 

Normal operation (True Alarm): 
After reception of four dashes of a real alarm signal the bells ring. 

Faulty operation (False Alarm): 
Weak storage battery; the 6-volt battery has dropped below 4.5 volts. 
Burnout of vacuum tube heater. 
High- or low-line voltage; obviously this includes loss of line voltage for any 

reason. 
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Blown fuses. 

False dash received; if the stepping relay had advanced three notches an 
unusual combination of static and ordinary code signals might advance it 
to the fourth notch and sound the bells. 


Warning light. 
Normal operation: 
Warning lights operate on the first and subsequent dashes of an incoming 
alarm signal which gives warning before the bells ring. 
Faulty operation: 
Improper sensitivity adjustment may allow the signal relay to hold closed on 
ordinary code signals, prolonged static, or other high level noise inter- 


ference. 


6.111. Question. If you were a radio operator on a vessel of the United 
States equipped with an approved type of auto alarm which employs a 
linear detector and an electronic selector, what would result upon failure 
of a vacuum tube filament? 

Answer. Ringing of the alarm bells. 

6.112. Question. With an auto alarm of the type which employs a linear _ 
detector and an electronic selector, what is the most probable cause of the 
intermittent ringing of the bells? 

Answer. The intermittent ringing of the bells most likely would be due to 
low, high, or variable line voltage. 

6.113. Question. With an auto alarm of the type which employs a square 
law detector and a mechanical selector, what factors cause the bell to sound? 
The warning light to operate? 

Answer. The causes of the bell sounding and warning light operation are as 


follows: 


Sounding of bells. 
Normal condition. 
Reception of a true-alarm signal will ring bells. 
Equipment failure. 
Failures of the equipment which cause bells to ring include: 


(a) Burnout of vacuum tube heater. 

(b) Storage battery voltage too low. 

(c) Blown fuse on battery charger. 

(d) Motor stopped or running too slow. 

(e) Ground on alarm bell circuit. 

(f) Open in heater circuit. 

(g) Open in 24-volt circuit to receiver. 

(h) Open in 24-volt circuit to auto alarm equipment. 


Warning lights. 
Operation impaired, 
Burning of warning lights may indicate any of the following: 
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. o # 
(a) Prolonged strong interference noise. 


(b) Prolonged heavy static. 

(c) Sensitivity adjustment too high. 

(d) Reception of a signal longer than 414 seconds’ duration. 

(e) Ship’s 115-volt d-c supply to receiver power supply unit has either 
failed or dropped below 70 volts. 


6.114. Question. If an auto-alarm bell rings, and upon pressing the re- 
lease button it does not stop, what could be the cause(s)? 

Answer. The list below is a general one to include faults in the types of alarm 
equipment now in service. 


Failure of line voltage. 

High line voltage or low line voltage. 
Storage battery too low. 

Heater burnout of vacuum tubes. 
Blown fuses. 

Ground on alarm bell circuit. 

Motor stopped or running too slow. 


6.115. Question. If a ringing auto-alarm bell stops upon pressing the 
release button, what could be the cause(s) of the ringing? 

Answer. Reception of a true auto-alarm signal. 

6.116. Question. With an auto alarm of the type which employs a square 
law detector and a mechanical selector, why does this alarm receiver not 
respond to type Al emission? 

Answer. This alarm equipment employs a receiver of the tuned radio-frequency 
(TRF) type. 

6.117. Question. From how many simultaneous directions is a direction 
finder capable of receiving signals if adjusted to take unilateral bearings 
through 360°? 

Answer. From only one direction. 

6.118. Question. What figure represents the reception pattern of a prop- 
erly adjusted unilateral radio direction finder? 

Answer. A cardioid. The heart-shaped curve in Figure 110 illustrates a 


cardioid. 
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Fic. 110. The heart-shaped curve shows a unidirectional characteristic. 
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6.119. Question. What is the principal function of a vertical antenna 
associated with a unilateral radio direction finder? 

Answer. The sense of direction may be definitely determined with a vertical 
antenna used in conjunction with a loop antenna. In other words, a vertical 
antenna enables the operator of a direction finder to determine the direction from 
which the signal is originating without the 180° ambiguity, or uncertainty, which 
exists when using the loop alone. 

6.120. Question. What is the principal function of a vertical antenna 
associated with a bilateral radio direction finder? 

Answer. The vertical antenna aids in balancing out the so-called “antenna 
effect” of a loop structure with respect to ground, which is done in order to 
obtain a more critical zero signal. This results in more accurate bearings, since 
the indicator is set to take readings on the minimum signal, or null point. 


Discussion. A loop system which is properly balanced will give a critical zero signal as the 
loop is rotated about its vertical axis. Assuming proper conditions of balance, the received 
signal is zero when the plane of the loop is at right angles to the direction of the signal. 
When the plane of the loop is in the direction from which the signal is arriving the signal is 
maximum. The effect produced in the loop coil because of the capacity to ground of the loop 
structure is called “antenna effect.” 


6.121. Question. Why are loop antennas which are associated with radio 
direction finders metallically shielded? 

Answer. Shielding improves the directive properties of a loop by minimizing 
the so-called “antenna effect.” This effect distorts the figure-of-eight pattern, and 
the critical position of the loop which would give a zero signal, or null point, is 
no longer obtainable. With proper conditions of balance the received signal is 
zero when the plane of the loop is at right angles to the direction of the signal. 
Operation of a loop that will give the sharpest null point is to be desired since 
the indicator is set to take bearings on a minimum signal. 


Note that the metallic shield must not be continuous entirely enclosing the loop or it would 
exclude the signal; the shield housing must be broken at some point with a small section of 
insulating material which fills in this space in order to make the loop weathertight. 


6.122. Question. What is a “compensator” as used with radio direction 
finders, and what is its purpose? 

Answer. A “compensator” is a mechanical device which automatically corrects 
errors caused by the influence of the ship’s hull, rigging, and surrounding metal 
objects, particularly if located close to the loop. An adjustable cam or rotor move- 
ment allows the pointer showing the loop bearings either to lag or lead the actual 
loop position to compensate for errors observed at the time of calibration. 

6.123. Question. How is the unilateral effect obtained in a direction 
finder ? 

Answer. The obtaining of a unilateral effect is based upon the principle that 
the phase of the signal current in a loop may be changed at will by swinging it 
to present either side toward the oncoming signal so that in a coil system of the 
receiver the loop signal current may be made to add to or subtract from the signal 
current in a vertical antenna. 
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How the unilateral effect 1s obtained. The functions during a full turn of the loop are 
traced out as follows: During one-half revolution of the loop the signal heard in the head- 
phones is comparatively strong at all positions and maximum when the loop is in a plane 
with the direction of the sending station; this maximum signal condition indicates that a 
certain side of the loop is being acted upon first by the oncoming signal because this side 
points toward the sending station and, therefore, the loop and vertical antenna currents are 
in phase. Then during the remaining half revolution of the loop the signal becomes weaker 
at all loop positions until it reaches zero or minimum when the loop again is in a plane with 
the direction of the sending station; this zero signal condition indicates that the side of the 
loop which previously pointed toward the sending station is now pointing away from it, so 
the two currents, loop and vertical antenna currents, are in opposite phase. Therefore when 
the loop is rotated a full turn the resultant signal has one broad maximum and one well- 
defined minimum point. The side of the loop giving the louder signal is used in taking a 
unilateral bearing to indicate definitely the direction from which the signal originates. The 
manner in which the signal changes intensity during a complete rotation of the loop when 
used in conjunction with a vertical antenna is shown in Figure 109 by the cardioid, or heart- 
shaped curve. In other words, the cardioid is the reception pattern formed by combining 
a concentric circle (vertical antenna pattern) and a figure-of-eight (loop pattern). The 
vertical antenna is called a “sense” antenna because its use is necessary to give a unilateral 
effect. 


6.124. Question. On shipboard, what factor may affect the accuracy of 
a direction finder after it has been properly installed, calibrated, and com- 
pensated ? 

Answer. Some limitations which may affect the accuracy of bearings are as 
follows: 

(a) Any changes in the conditions surrounding a loop after calibration, such as 
changing the position of nearby metal objects, may result in an erroneous bearing. 

(b) A signal which has traveled over intervening land in reaching a ship’s sta- 
tion is likely to be distorted and may give a bearing which is only approximately 
correct. 

(c) A signal wave which has followed a shore line for an appreciable distance 
may be distorted or bent and so may give an unreliable bearing. 

(d) A signal arriving from a station a hundred miles or more away may be 
considered as approximately correct. 

(e) Errors may result from bearings taken just before sunrise or just after 
sunset owing to so-called “night effect.” A bearing cannot be relied upon if the 
null point shifts rapidly, thus making it appear that the sending station is suddenly 
changing its location. However, for distances under about 100 miles with no 
erratic shifting of the null point the errors due to “night effect” are usually con- 
sidered negligible. 

Note. All bearings are to be taken with the main antenna left “open,” that is, not con- 
nected to ground, transmitter, or receiver. The antenna grounding switch is provided with 


auxiliary contacts which control the heater voltage supply to the direction finder receiver ; 
these contacts close only when the switch is in the middle position and not connected either 


to ground or transmitter. 
6.125. Question. What is indicated by the bearing obtained by the use 


of a bilateral radio direction finder? 
Answer. The line of direction is indicated by a bilateral bearing, which means 
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that the signal is known to originate from one of two possible directions, 180° 
apartout 

6.126. Question. What is indicated by the bearing obtained by the use 
of a unilateral radio direction finder? 

Answer. The sense direction is indicated with a unilateral bearing, which means 
that the direction from which the signal originates is definitely established. 

6.127. Question. If a vacuum tube heater burns out in an approved auto 
alarm, what causes the warning bells to ring? 

Answer. A relay in the heater circuit is de-energized and its contacts close a 
circuit to another relay which places the bells in operation. The latter relay oper- 
ates independently of the circuit which normally rings the bells upon receipt of a 
real alarm signal. In the event of a heater burnout the bells will continue to ring 
if the release button is depressed. | 

6.128. Question. What is the function of the “balancing” condenser in 
a direction finder? 

Answer. The balancing condenser is used to minimize “antenna effect’’ so that 
a sharper null point, or zero signal, may be obtained when swinging the loop. 
This enables the operator to take more accurate bearings. 

6.129. Question. What signal will cause an approved auto-alarm receiver 
to ring the warning bell? 

Answer. The receipt of a signal consisting of four consecutive dashes, each 
4 seconds long with 1 second intervals within tolerance limits, will ring the bells. 


Note that the auto-alarm signal consists of twelve 4-second dashes sent in 1 minute but 
the receipt of any four properly sent dashes in succession will actuate the selector system and 
ring the bells. 


6.130. Question. To what frequency, or band of frequencies, is an ap- 
proved auto-alarm receiver tuned? 

Answer. The receiver responds to frequencies of 487.5 to 512.5 kilocycles. 
That is, the receiver circuits are broadly tuned to accept signals of 500 kilocycles 
plus or minus 12.5 kilocycles. 

6.131. Question. What is the maximum permissible r.m.s. value of audio 
voltage which can be applied to the grid of a class A audio amplifier which 
has a grid bias value of 10 volts? 

Answer, 7.07 volts. 


Discussion. Since the grid should not be driven positive ina class A audio amplifier, for 
maximum audio excitation the audio peak amplitude will equal the bias voltage. Hence, in 
this example the audio peak value equals 10 volts and changing this to r.m.s. value, we have 
10° 0.707 =.7.07- volts. 

6.132. Question. What is the effect of leakage in the coupling condenser 
in an impedance or resistance coupled audio-frequency amplifier? 

Answer. A leaky coupling condenser would alter the bias on the amplifier and 
cause serious distortion. 

6.133. Question. What is the d-c plate voltage of a resistance coupled 
amplifier stage which has a plate supply voltage of 260 volts, a plate current 
of 1 milliampere, and a plate load resistance of 100,000 ohms? 

Answer. 160 volts. 


ns 
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Computation: The voltage at the plate is the difference between the supply voltage and 
the voltage across the load resistance. Find the voltage across the load, or E = IR = 100,000 « 
0.001 = 100 volts, and subtract this value from the d-c supply voltage, or 260 — 100 = 160 volts. 


6.134. Question. List four causes of distortion in a class A audio ampli- 
fier. 

Answer. Distortion in a class A audio-frequency amplifier may be caused by 
the following: (1) Improper bias; (2) feedback, that is, regeneration in the 
amplifier; (3) improper load impedance’ (4) overdriving the grid, that is, exces- 
Sive excitation voltage. 

6.135. Question. In a self-biased radio-frequency amplifier stage having 
a plate voltage of 1,250 volts, a plate current of 150 milliamperes, a grid 
current of 15 milliamperes, and a grid-leak resistance of 4,000 ohms, what 
is the value of the operating bias? 

Answer, —60 volts bias. 

Solution: The only values needed for working out this example are grid current 
and grid-leak resistance. Apply these values directly in Ohm’s law to find voltage. 
Thus, E = JR = 0.015 x 4,000 = 60 volts. 


Note. Be sure to change milliamperes to the unit ampere before using in the formula, or 
15 ma. = 0.015 ampere. 

6.136. Question. In a radio-frequency amplifier employing fixed bias, as 
the plate circuit is varied in adjustment from a point below resonance to 
a point above resonance, what effect will be observed on the grid current? 

Answer. As the plate circuit is tuned upward close to resonance the grid cur- 
rent will rise, at resonance it will be maximum, and for points on the other side 
of resonance it will again decrease. 

6.137. Question. What is the primary function of the power-amplifier 
stage of a marine radiotelegraph transmitter? 

Answer. To provide better frequency stability. A power-amplifier stage serves 
to isolate the oscillator from the antenna. Other benefits of a power-amplifier 
stage are that it permits the oscillator to be worked at comparatively low power 
with the desired output power obtained through the use of several amplifier tubes. 

6.138. Question. In a series-fed plate circuit of a vacuum-tube amplifier, 
what would be the effect of a short circuit of the plate supply bypass con- 
denser? 

Answer, The plate power supply would be short-circuited, and overload pro- 
tection would be depended upon to prevent any damage. 

6.139. Question. In a shunt-fed plate circuit of a vacuum-tube amplifier, 
what would be the effect of an open circuit in the plate radio-frequency 
choke? 

Answer. An open in the r-f choke would remove plate voltage from the ampli- 
fier and it would cease functioning. 

6.140. Question. What is the function of a “dummy antenna’? 

Answer. A dummy or phantom antenna is a resistive load which may be sub- 
stituted for the regular antenna at the output of a transmitter to dissipate the 
power. Such a load is not oscillatory. The use of the dummy antenna allows 
the transmitter to be adjusted, tested, or perhaps warmed up prior to normal 
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operation without radiating the carrier which would be a source of interference 
under such circumstances. 

6.141. Question. What is the primary advantage to be obtained by shunt- 
ing a high resistance fixed resistor across each unit of a high voltage series 
condenser bank in the power supply filter circuit of a transmitter? 

Answer. The purpose of connecting a resistor across each condenser unit is 
to protect the condenser from receiving excessive voltage, which might damage it. 
If there is any variance in the internal resistance of condensers in a series bank 
the one with the higher internal resistance will have a higher voltage applied to it. 
Since the resistors are also in a series arrangement they form practically a voltage 
divider across the line which properly distributes the total voltage to keep each 
condenser working within its normal voltage rating. 

6.142. Question. What is the effect of an inductance connected in series 
with an antenna circuit? 

Answer. The resonant frequency is decreased by the addition of a series in- 
ductance, or in other terms the wavelength is increased. 

6.143. Question. If a vacuum tube in the only radio-frequency stage of 
your receiver burned out, how could you make temporary repairs to permit 
operation of the receiver if no spare vacuum tube was available? 

Answer. The antenna lead-in connection could be removed from the antenna 
post and reconnected to the plate lead at the defective tube’s socket, thus making 
the primary of the r-f transformer serve as the antenna coupling coil. A blocking 
condenser could be used in series with the lead-in connection to keep high-voltage 
d.c. off the antenna and prevent possible short circuit to ground, which would 
short the power supply. 

6.144. Question. What is the meaning of “high-level” modulation? 

Answer. High-level modulation is modulation produced at a point in a system 
where the power level approximates that at the output of the system. 

6.145. Question. What is the meaning of “low-level” modulation? 

Answer. Low-level modulation is modulation produced at a point in a system 
where the power level is low compared with the power level at the output of the 
system. 

6.146. Question. If the plate current of the final radio-frequency ampli- 
fier in a transmitter suddenly increased and radiation decreased, although 
the antenna circuit is in good order, what would be the possible causes? 

Answer. Neutralization may have been upset in some way that would allow 
the amplifier to break into oscillation; interruption of r-f excitation to the ampli- 
fier; loss of grid bias. 

6.147. Question. A master-oscillator power-amplifier type of transmitter 
has been operating normally. Suddenly the antenna ammeter reads zero, 
although all filaments are burning and plate and grid meters are indicating 
normal voltages and currents. What would be the possible cause(s) ? 

Answer. This trouble may be due to a short-circuited antenna ammeter. 

6.148. Question. What would cause abnormally low voltage at the input 
power terminals of a lifeboat radiotelegraph transmitter while it is in 
operation? 
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Answer. The heavy-duty mee battery supplying power is in a discharged 
condition. 

6.149. Question. What is ane result of excessive coupling between the 
antenna and output circuits of a self-excited type of vacuum-tube trans- 
mitter? 

Answer. An.effect called “split tuning” results, which means that the emitted 
signal is likely to swing sharply from one frequency to another with consequent 
loss of signal at the receiving station. 

6.150. Question. What is the purpose of the iron compound cylinders 
which are found in the inductances of certain marine radiotelegraph trans- 
mitters? The position of these cylinders with respect to the inductances 
is adjustable for what purpose? 

Answer, The iron compound cylinders provide variable reactance, or perme- 
ability tuning, and a means for adjusting band width. Changes in the position 
of these iron cylinders vary the value of the inductance for tuning the circuits. 
See answers to Questions 5.78 and 6.10. 

6.151. Question. What is the most common cause ef “split tuning”? 

Answer. Tight coupling between two radio-frequency circuits. The resonance 
curve for a condition of very close coupling has two pronounced peaks, or double 
humps, which indicates two frequencies differing by a relatively large percentage. 

6.152. Question. Should the antenna circuit of a master-oscillator power- 
amplifier type of transmitter be adjusted to the resonant frequency before 
the plate tank circuit of the final stage? Give reason(s) for your answer. 

Answer. No. The amplifier tube should not be operated very long with the 
plate tank out of resonance because the off-resonance plate current usually is 
fairly high even when adjustments are made on reduced power. The plate tank 
ordinarily should be tuned as quickly as possible and without load. Without load 
the plate current takes a sharp dip when the plate tank is in resonance with the 
excitation frequency, that is, resonance is indicated by the lowest point in the 
dip, or minimum plate current. The sharp dip enables a very close adjustment of 
plate tank resonance to be made. The antenna circuit should be adjusted after 
the plate tank circuit is tuned. As the antenna circuit approaches resonance, both 
the plate current and antenna current will rise and at resonance the antenna cur- 
rent will be maximum. The reaction on the plate tank due to the antenna load 
at resonance may slightly detune the tank; it should be retuned, which will again 
be indicated by minimum plate current at the dip. However, under conditions of 
a loaded plate tank the dip in plate current has a broad peak as compared with 
the sharp dip obtained when tuning the tank without load, as shown in Figure 111. 
The curve indicates that the minimum value of plate current at plate circuit 
resonance is much greater with load than without load. After these adjustments 
have been completed the plate voltage should be increased to give the desired power 
output according to the requirements. 

6.153. Question. In a transmitter involving a master oscillator, inter- 
mediate amplifier and final amplifier, describe the order in which circuits 
should be adjusted in placing this transmitter in operation. 
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Fic. 111. The plate current dips to its lowest value at resonance. 


Answer. First adjust the master oscillator without load, next the intermediate 
amplifier, and last the final amplifier. 

6.154. Question. What is a “frequency doubler” stage? 

Answer, A “frequency doubler” stage is an amplifier used to provide a fre- 
quency in the output which is twice the frequency of the r-f exciting voltage. 

6.155. Question. Define “parasitic oscillations.” 

Answer. “Parasitic oscillations” are high-frequency currents generated in an 
r-f amplifier which bear no relation to the desired frequencies in the stage. 

6.156. Question. What is the effect of parasitic oscillations? 

Answer. Parasitic oscillations may cause overheating of circuit components and 
tube elements, a distorted output, erratic action in the r-f circuits, the radiation of 
spurious frequencies, and a general decrease in efficiency. 

6.157. Question. What may cause a radio-frequency amplifier tube to 
have excessive plate current? 

Answer. Some possible causes for excessive plate current are a soft or gassy 
tube, parasitic oscillations, unneutralized condition, insufficient bias, excessive plate 
voltage, and detuned plate circuit. 

6.158. Question. What are some of the indications of a defective vacuum 
tube in a transmitter? 

Answer. A soft tube, or one with a low vacuum, results in excessive plate cur- 
rent, or in severe cases the plate itself might overheat and show excessive color, 
perhaps a bright red or white heat when only a dull cherry red is permissible. A 
blue glow or haze seen within the envelope might result from a gassy tube. A 
burned-out filament obviously would give no light with voltage applied. Another 
possible indication would be subnormal plate current resulting from a low emission 
filament. Shorted tube elements would probably show internal sparking. 

6.159. Question. At what point on a shipboard antenna system will the 
maximum potential be noted? 

Answer, The maximum potential exists at the free end of a shipboard antenna 
system, that is, at the far end or ungrounded end, 
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6.160. Question. What is the effect of dirty or salt-encrusted antenna 
insulation upon a transmitter? . 

Answer. Creepage of high frequency and loss of radiated power which may 
affect the normal antenna ammeter reading. Losses due to corona and brush dis- 
charge are increased. 

6.161. Question. Why do many marine transmitters employ variometers 
rather than variable condensers as the tuning adjustments? 

Answer. The tuning units in a marine transmitter must be very rugged and 
able to withstand voltages greatly in excess of normal demands. Variable con- 
densers built especially for high breakdown voltages would be large and expensive. 
Condensers in service are subject to arc-over from possible accumulation of dust 
and moisture between plates, which also affects the electrical characteristics. Be- 
sides possessing rugged qualities, a variometer has important advantages in that 
it allows circuit adjustments to be made over a wide frequency band and when 
used in an antenna system it provides loading inductance as well as a means for 
tuning the antenna. 

6.162. Question. What is the relationship between the antenna current 
and radiated power of an antenna? 

Answer. This relation is expressed by the formula P = JR, or the value of 
the current squared times the antenna resistance equals the radiated power. 

6.163. Question. Why is a self-excited oscillator type of transmitter 
undesirable for shipboard service? 

Answer. Frequency stability is poor; adjustments for obtaining the desired 
working power are not sufficiently independent of frequency. 

6.164. Question. What is the fundamental difference(s) between the 
Hartley and Colpitts oscillators? 

Answer. In the Colpitts type the oscillatory circuit is divided electrically into 
two capacitances, which permits one capacitance to supply grid excitation and the 
other to receive excitation from the plate for driving the oscillatory circuit. The 
Colpitts oscillator is known as the split-capacitance type. The Hartley oscillator 
is the split-inductance type, in which the oscillatory circuit inductance is divided 
electrically into two sections for similar purposes of grid and plate excitation as 
in the Colpitts oscillator. 

6.165. Question. How is the keying of a simple oscillator type of emer- 
gency marine transmitter usually accomplished? 

Answer. The sending key is inserted in series with the primary of the high- 
voltage plate transformer. (See Figure 102.) 

6.166. Question. If you found that it was impossible to keep the receiver 
storage “A” battery charged, and at the same time maintain the required 
watch period, what remedy may be found? 

Answer. Inability to keep the receiver battery properly charged under normal 
conditions should be corrected by changing the charging resistor to one of lower 
value, or by shunting another resistor of suitable value across the present one, 
which will increase the charging rate. However, the emergency storage battery 
may be used to supply the receiver for routine communication for a period of not 
more than 1 hour per day, in the aggregate, providing that such use does not make 
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the battery incapable of meeting the 6-hour emergency requirements for operating 
the auxiliary transmitter. 

6.167. Question. The time indications of what zone shall be used in 
making log entries with respect to the observance of the international silent 
period? 

Answer. Greenwich mean time (GMT) is the time zone used for all entries 
in the radio station log, the time being figured according to the 24-hour system 
(0000 to 2359 hrs.). 


Discussion. The two international silent periods of 3 minutes each begin at 15 minutes 
and at 45 minutes past each hour, Greenwich mean time. Each sheet of the log shall be 
numbered and dated and the time used for making an entry in the radio log shall be according © 
to the 24-hour system, starting at midnight of the time at the Meridian of Greenwich. The 
indication GMT, indicating Greenwich mean time, shall be written at the heading of the 
column in which the time in four figures is entered. The time is written opposite each entry. 
The following gives several examples of how time is indicated according to the 24-hour system: 


Greenwich 
Local Time Mean Time 
12 midnight 0000 
17 4574. 0045 
9:00 a.m. 0900 
12:00 noon 1200 
3:00 p.m. 1500 
11:59 p.m. 2359 


6.168. Question. Under what circumstances must log entries be made 
regarding the observance of the international silent period? 

Answer. During the time a watch is maintained by an operator an entry shall 
be made at least every 15 minutes. All calls or replies made shall be entered, 
giving time, stations heard or worked, and frequency involved. In general, a 
positive entry must be made consisting of calls heard, traffic observed, and a 
specific statement as to the conduct of communication during the inter- 
national silent period. Hence, entries shall be made indicating that the watch 
during the silent period had been observed, incidents or communications heard, 
and even in the event nothing was heard this fact shall be entered. 

6.169. Question. At what time(s) are routine transmissions forbidden in 
the bands of 480 to 520 kilocycles? 

Answer. Routine transmissions are forbidden for 3 minutes twice an hour 
beginning at 15 minutes and 45 minutes past the hour, Greenwich mean time 


(GMT). 


Note. The International Radio Regulations read: In order to increase the safety of life 
at sea (ships) and over the sea (aircraft), all stations in the mobile maritime service normally 
keeping watch on waves in the authorized bands between 365 and 515 kilocycles (822 and 583 
meters) must, during their hours of service, take the necessary measures to ensure watch 
on the distress wave (500 kilocycles, or 600 meters) for three minutes twice an hour be- 
ginning at x h 15 and x h 45, Greenwich mean time (GMT). 


6.170. Question. At what time(s) must the international silent period 
be observed ? 
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Answer. For 3 minutes twice an hour beginning at 15 minutes and 45 minutes 
past the hour, Greenwich mean time (GMT). (See Question 6.169. ) 

6.171. Question. After a distress call has been transmitted, every distress 
trafic radiotelegram shall contain what symbol in the preamble? 

Answer. In distress traffic, every radiotelegram must include the distress signal 
preceding the call and repeated at the beginning of the preamble. 

6.172. Question. Under what conditions may a mobile station close if 
its service is not required to be continuous? 

Answer, Ship stations having working hours of limited duration are governed 
by regulations covered in the International Radio Regulations as follows: 


(1) Ship stations whose service is not continuous may not close before they 
have: 


(a) Finished all operations resulting from a distress call. 

(b) Exchanged so far as practicable all radiotelegrams Originating in or 
destined for land stations situated within their range and mobile sta- 
tions which, being within their range, have indicated their presence 
before the actual cessation of work. 


(2) Any mobile station not having fixed working hours must inform the land 
station with which it has opened communication of the time of closing and the 
time of reopening its service. 

(3) a. Any mobile station arriving in port, and whose service is, in consequence, 
about to close, must notify the nearest land station accordingly and, if 
necessary, the other land stations with which it generally communicates. 
It must not close until after the disposal of traffic on hand, unless the regu- 
lations of the country where it is calling do not permit this. 

b. On its departure, it must notify its reopening to the land station or stations 
concerned from the moment when such reopening is permitted by the regu- 
lations in force in the country where the port of departure is situated. 

6.173. Question. How long must mobile stations listen after hearing an 
urgent signal? 

Answer. Mobile stations which hear the urgency signal must continue to listen 
for at least 3 minutes. At the end of this period, if no urgency message has been 
heard, they may resume their normal service. 

6.174. Question. What space of time should elapse between the trans- 
mission of the international auto-alarm signal and the distress call? 

Answer. When circumstances permit, the transmission of the distress call is 
separated from the end of the alarm signal by an interval of 2 minutes’ silence. 

6.175. Question. What exceptions are permitted to the regulation which 
states that a mobile station which has no fixed working hours must advise 
the land station with which it is in communication of the closing and re- 
opening hours? 

Answer. The exceptions are: 

(1) Any mobile station must not close until after the disposal of traffic on hand, 
unless the regulations of the country where it is calling do not permit this. 

(2) On its departure, any mobile station must notify its reopening to the land 
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station or stations concerned from the moment when such reopening is permitted 
by the regulations in force in the country where the port of departure is situated. 

6.176. Question. How frequently must an entry be made in the marine 
radio log while a radio watch is being maintained? 

Answer. During the time a watch is maintained by an operator, an entry shall 
be made at least every 15 minutes. 

6.177. Question. During what periods must a distress message be re- 
peated following the initial transmission? 

Answer. The distress message must be repeated at intervals until an answer 
is received, and especially during the silence periods. The intervals must, how- 
ever, be long enough to allow stations preparing to reply to start their sending 
apparatus. 

6.178. Question. Upon what bodies of water is the frequency of 500 kilo- 
cycles not utilized as the international calling and distress frequency? | 

Answer. The frequency of 500 kilocycles is utilized as the international calling 
and distress frequency on all bodies of water. 

Note. The regulations have been changed which formerly made the Great Lakes the 


exception to the rule. For many years 410 kilocycles was the calling and distress frequency. 
It is now 500 kilocycles, the same as for the oceans and all other bodies of water. | 


6.179. Question. What stations shall be in control of distress traffic? 

Answer. The control of the distress traffic rests with the mobile station in 
distress or with the mobile station which sends the distress call in the event the 
station in distress is not itself in a position to transmit it. These stations may 
delegate the control of the distress traffic to another station. 

6.180. Question. What transmission should precede the transmission of 
the distress call? 

Answer. When circumstances permit the alarm signal should precede the 
distress call. 

6.181. Question. Describe how a distress call should be made. 

Answer. The distress call comprises (1) the distress signal sent three times, 
(2) the word DE, and (3) the call sign of the mobile station in distress, sent 
three times. 

6.182. Question. Under what circumstances and by whom may the inter- 
national auto-alarm signal be transmitted to announce an urgent cyclone 
warning? 

Answer. The alarm signal may be used for this purpose only by coast stations 
duly authorized by their government. 

6.183. Question. While a vessel is at sea, how frequently must the auto 
alarm be tested? 

Answer. The auto alarm must be tested at least once every 24 hours while a 
vessel is at sea. The test button on the alarm panel is used for this purpose and 
the timing of the dashes and spaces is made by reference to the sweep seconds 
hand of the radio station clock. Bridge bell and warning light and operator’s 
room bell must show correct operation when this test is made. A statement that 
the foregoing has been fulfilled must be entered daily in the radio station log. 
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6.184. Question. Describe the number of dashes, or dots, and spaces 
which compose the international auto-alarm signal and indicate the time 
intervals involved. 

Answer. The alarm signal is.composed of a series of 12 dashes transmitted in 
1 minute, the duration of each dash being 4 seconds and the duration of the interval 
between two dashes, 1 second. 


Tolerances: The alarm signal will actuate the auto-alarm selector system provided the 
dashes have a duration of not less than 344 seconds, or more than 414 seconds and provided 
the intervals between dashes are not less than 4% second or more than 1% seconds. Auto 
alarms for vessels of the U. S. Registry must require 4 consecutive dashes to actuate the 
alarms. 

Automatic-alarm signal. The section of the International Radio Regulations covering the 
alarm signal includes the following: The alarm signal may be sent by hand or by an auto- 
matic apparatus. Any ship station working in the band 365-515 kilocycles (822-583 meters) 
not equipped with automatic apparatus for the emission of the automatic alarm signal 
must be permanently equipped with a clock clearly indicating seconds, preferably by means 
of a moving hand making 1 revolution per minute. This clock must be placed so as to be 
clearly visible from the operating table, in order that the operator may, by keeping it in view, 
easily and correctly time the different elements of the alarm signal. 


6.185. Question. Describe the “safety” signal. 

Answer. The “safety” signal is used in radiotelegraphy and radiotelephony as 
follows: 

Radiotelegraphy. In radiotelegraphy the safety signal consists of three repe- 
titions of the group TTT sent with the letters of each group and the successive 
groups clearly separated from each other. This signal is followed by the word 
DE and by the call sign of the station which emits it, sent three times. It indi- 
cates that the station is about to transmit a message concerning the safety of 
navigation or giving important meteorological warnings. 

Radiotelephony. In radiotelephony, the word SECURITY (corresponding 
to the French pronunciation of the word sécurité) repeated three times is used 
as the safety signal. 

_ 6.186. Question. During what periods must the safety signal be trans- 
mitted? 

Answer. In the maritime mobile service, apart from the messages of which 
the transmission is made at fixed times, the safety signal must be transmitted 
toward the end of the first silence period which occurs and the message is trans- 
mitted immediately after the silence period. 

6.187. Question. Indicate the order of priority of the various types of 
radio communications. 

Answer. The order of priority of radio communications in the mobile service 
is as follows: 


1. Distress calls, distress messages, and distress traffic. 
Z. Communications preceded by an urgency signal. 

3. Communications preceded by the safety signal. 

4. Communications relative to direction-finding bearings. 
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5. Government radiotelest aMice for which the right of priority has not been 
waived. 
6. All other communications. 


6.188. Question. Upon hearing a safety signal, what should the operator 
at the receiving station do? 

Answer. All stations hearing the safety signal must continue to listen on the 
wave on which the safety signal has been transmitted until the message announced 
by it is ended; they must also remain silent on all waves capable of interfering 
with the message. 

6.189. Question. When the auto-alarm bell rings, what should the oper- 
ator do? 3 

Answer. The bells may sound for one of three reasons, namely: (1) True 
alarm signal has been received ; (2) false alarm from a combination of interference 
and regular code signals, a remote possibility; (3) false alarm ‘due to improper 
operation or equipment failure. The three possibilities are discussed below regard- 
ing what the operator should do upon hearing the alarm bell ring. 

(1) The operator should proceed immediately to the radio room and depress 
the reset button, or release key, located on the auto-alarm panel. If this stops the 
ringing of the bells the operator should quickly plug his headphones in the phone 
jack provided for monitoring and listen for any signals or messages that would 
indicate that a true alarm signal had been received. If a true alarm has been 
received the operator should at once begin a manual watch. The alarm signal 
should be followed within 2 minutes by either an urgent cyclone warning or a 
distress call and distress message from a vessel in need of assistance. The full 
text of the distress traffic heard or worked and the time the operator entered the 
radio room should be inserted in the radio station log. 

(2) If a false alarm sounded the bells, as determined by subsequent listening 
on the 500 kilocycle band, an appropriate entry of this incident should be made 
in the log. 

(3) If the bells continue to ring after the reset button, or release key, is de- 
pressed this indicates faulty operation. The operator should proceed to correct 
the trouble. Log entries should be made which include a statement giving particu- 
lars as to the time the repairs or adjustments were made necessary; cause of the 
failure; parts removed, added, or substituted, or repairs needed; the time the 
alarm was restored to normal operating condition. 

6.190. Question. If you received a distress call signed by a call signal 
composed of five letters, could you determine the type of craft which 
transmitted the signal? 

Answer, Call signals consisting of five letters are assigned. to aircraft stations. 

6.191. Question. You intercept “CQ CQ WVS TFC /Q8Y 735 AS.” 
What does this mean? 

Answer. This communication has the following meaning: 


“A general call (CQ) is sent to all mobile stations within the range of a coastal station 
(WVS in this case). The coastal station will follow this communication with a traffic list 
(TFC), giving the call signs of mobile stations for which it has traffic on hand. The coastal 
station will shift (QSY) from the calling wave on which this communication is sent to the 
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working wave (735 meters) it will use for the transmission of the traffic list and on which 
the mobile stations will reply. A short waiting period (AS) now follows which allows all 
stations concerned to shift from the calling to the working wave.” 


The abbreviations have the following meanings: 

CQ is a general call “to all stations.” 

WVS is the call letter of a coastal station. 

TFC stands for “traffic.” 

oy stands for “shift ito transmission on 2.3.2... se. kilocycles (or meters).”’ 

735 is the wavelength in meters. 

AS stands for “waiting period” to allow sufficient time in which to shift from 
calling wave to working wave (735 meters in this case). 


Notation concerning the traffic list. The International Radio Regulations state that coast 
stations must, so far as practicable, transmit their calls in the form of “traffic lists” consisting 
of the call signs of all mobile stations for which they have traffic on hand and which are 
within their range of action. The coast stations add, after their own call sign, service ab- 

breviations indicating the working wave which they wish to use for transmission. Mobile 
stations which hear their call sign during this transmission must reply as soon as they can 
do so, following so far as possible the order in which they were called. 


6.192. Question. Upon hearing an SOS, what should an operator do? 

Answer. All stations which hear it must immediately cease any transmission 
capable of interfering with the distress traffic and must listen on the wave used 
for the emission of the distress call. 

6.193. Question. On a vessel of the United States, equipped with an 
approved auto alarm, where is the control button located which silences the 
warning bells? 

Answer. The reset control button is located on the panel of the auto alarm 
located in the radio room. The three alarm bells necessary with this equipment 
are located one in the radio room, one on the bridge, and one in the radio oper- 
ator’s quarters. After the bells start ringing they can be stopped only by going 
to the radio room and depressing the reset control button. 

6.194. Question. What is the radiotelegraph “urgent” signal? 

Answer. In radiotelegraphy, the urgency signal consists of three repetitions of 
the group XXX, sent with the letters of each group and the successive groups 
clearly separated from each other; it is sent before the call. 

6.195. Question. With what type(s) of emission and upon what fre- 
quency should a transmitter be adjusted to transmit a distress call? 

Answer. In case of distress, the wave to be used is the international distress 
wave, that is, 500 kilocycles (600 meters) and the emission used must be prefer- 
ably type A2 or B. Ships which cannot transmit on the international distress 
wave use their normal calling wave. 

6.196. Question. Upon what band of radio frequencies must an approved 
auto-alarm receiver function? 

Answer. The receiver responds to frequencies of 487.5 to 512.5 kilocycles. 
That is, the receiver is broadly tuned to accept signals of 500 kilocycles plus or 
minus 12.5 kilocycles. 
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6.197. Question. Upon compulsorily equipped vessels which are required 
to have an accurate clock in the radio room, how frequently must this clock 
be adjusted and compared with standard time? 

Answer. The clock must be checked at least once every 24 hours. 

6.198. Question. Within what frequency band limits do all United States 
marine radiobeacon stations operate? 

Answer. From 285 to 315 kilocycles (1,053 to 952 meters). 

6.199. Question. Upon what frequency should a navy direction-finding 
station be called to obtain a radio bearing? 

Answer. The normal wave for direction-finding in the maritime services is the 
wave of 375 kilocycles (800 meters). 

6.200. Question. Upon what band, in addition to the 350-515 kilocycle 
band, must a main receiver on a compulsorily equipped United States ship 
be capable of operation? What is the purpose of this additional band? 

Answer. In the band from 100 to 160 kilocycles (3,000 to 1,875 meters). A 
large amount of traffic is handled on the long-wave band, and all marine receivers 
must be capable of reception on this band. The transmission of waves of type Al — 
only are authorized in the long-wave band. 

6.201. Question. While a vessel is in port, how frequently shout the 
emergency equipment be tested? 

Answer. Tests are not required while a vessel is in port, except when preparing ~ 
to leave port. 

6.202. Question. How frequently must the quantity of fuel in the supply 
tank for use with an oil- or gas-driven emergency generator be checked 
while the vessel is in the open sea? 

Answer. A daily check on the fuel supply shall be made and the results entered 
daily in the log. During stormy weather when such tests might be impracticable 
or dangerous they may be postponed with proper notation of the fact entered in 
the log. 

6.203. Question. While the vessel is in the open sea, how frequently 
must the specific gravity of the emergency DarESEy, be taken? 

Answer. Once daily. 

6.204. Question. While the vessel is in the open sea, how frequently 
must the emergency equipment be tested? 

Answer. Once daily. 

6.205. Question. What is the principal port of the United States, on 
the Pacific Coast, at which navigation lines terminate? 

Answer. San Francisco. é 

6.206. Question. In what city is the major telecommunication center of 
the United States located? 

Answer. New York City. 

6.207. Question. What is the approximate latitude of Colon, Republic 
of Panama? 

Answer. Approximately 9°N. 

6.208. Question. In what ocean is the island of Guam located? 

Answer, Pacific Ocean. 
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6.209. Question. To what continent do the greatest number of telecom- 
munication channels from the United States extend? 

Answer. Europe. 

_ 6.210. Question. What is the principal Atlantic Coast port of the United 
States at which navigation lines terminate? 

Answer. New York City. 

6.211. Question. List four principles by which an e.m.f. may be gener- 
ated by sound waves? 

Answer. Dynamic; static; thermal; chemical. 

6.212. Question. What is indicated in a radiotelephone transmitter by 
an increase in antenna current without carrier shift? 

Answer. The modulating audio wave is normal and symmetrical and the output 
of the amplifier is linear. 

6.213. Question. What methods may be used to reduce “fringe howl” in 
a regenerative receiver? 

Answer. A resistor of high value may be connected across the primary of the 
first a-f transformer at the detector output to reduce the plate load impedance. 
The value of the resistor when connected across the primary terminals should be 
equal approximately to the plate resistance of the tube. In some cases a lower 
resistance grid leak might remedy this condition. Fringe howl is due to the 
regenerative feedback being just sufficient to maintain oscillations and with such 
critical operation the time constant of the leak and condenser may result in the 
interruption of oscillations to cause a sustained sound, or the plate load impedance 
may be too high and feeding back energy in proper phase to support the oscil- 
lations. 

6.214. Question. Knowing the intermediate frequency and the signal 
frequency to which a superheterodyne receiver is tuned, how would you 
determine the most probable frequency on which “image” reception would 
occur? 

Answer. The image frequency equals the sum of the signal frequency and twice 
the value of the intermediate frequency. 

6.215. Question. How is the degree of coupling varied in a pi network 
used to transfer energy from a vacuum tube plate circuit to an antenna? 

Answer. The coupling is adjusted by varying the output condenser in series 
with the line feeding the antenna. An example of, a pi network in which the two 
condensers, Cl and C2, are varied simultaneously to adjust coupling is shown in 
Figure 112. | 

- _ 6.216. Question. What means are usually provided to prevent the oper- 
ation of the ship’s transmitter when the auto-alarm is in use? 

Answer. The key circuit of the ship’s transmitter is opened by contacts on the 
auto-alarm antenna switch when placed in the operating position. 

6.217. Question. Explain how you would determine the value of cathode- 
bias resistor for a specific amplifier stage. 

Answer. Since the voltage across the bias resistor will be the grid bias, we 
need to know the amount of current which will flow through this resistor and 
its resistance value. For a triode the current is the plate current and for a tetrode 
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Fic. 112. Example of variable condensers used to vary the degree of coupling in a pi network. 


both plate and screen-grid currents. Ohm’s law is used to find the value of the 
bias resistance for a tube operating as a linear amplifier as follows: 


where FE, = d-c voltage desired on grid (in volts), 
Igo = total d-c emission current in amperes (for a triode this is 
the plate current), 
R,. = cathode bias resistor (in ohms). 


Ke = —, 
The 


6.218. Question. In a class A audio-frequency amplifier, what is the 
main advantage obtained through the use of two triodes in push-pull as 
compared with parallel operation? — 

Answer. Distortion due to the second harmonic component is effectively bal- 
anced out in a push-pull stage. Other advantages of push-pull over parallel oper- 
ation are: greater undistorted power output; reduced hum ripple with equivalent 
filter systems; prevention of core saturation of the output transformer ; equaliza- 
tion of the output of each tube when excitation is applied. 

6.219. Question. Explain briefly the construction and characteristics of 
a beam power tube. 

Answer. Ina beam power tube the spirally wound turns comprising the control 
grid and the screen grid are placed directly in line with each other. This con- 
struction permits beams of electrons in flowing from cathode to plate to pass 
straight through the open meshes between the turns so that practically no elec- 
trons go to the screen. One type of beam power tube does not use an actual sup- 
pressor grid but instead beam-forming plates operated at cathode potential, which 
prevent stray secondary electrons from the plate from getting to the screen outside 
of the beam. This type of tube draws very little screen grid current owing to 
the especially effective suppressor action. The advantages resulting. from the 
alignment of the grids and other features are high power output, high power sensi- 
tivity, and high efficiency. 

6.220. Question. Explain the operating procedure employed in neutral- 
izing a radio-frequency power amplifier, using a thermocouple ammeter as 
an indicating device. 

Answer. It will be necessary to remove all power and connect the thermo- 
couple ammeter in series with the plate tank circuit, preferably in the low potential 
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side. Before touching any wiring, however, the usual precautions should be 
observed with regard to discharging any high-voltage condensers that may hold a 
charge. Then remove the plate voltage from the amplifier but keep the plate 
radio-frequency circuit intact. Now operate the amplifier normally with excita- 
tion applied and with proper filament voltage but without plate voltage. Proceed 
to tune the plate tank to resonance as indicated by maximum reading on the 
thermocouple ammeter. Follow this by adjusting the neutralizing condenser for 
a minimum indication on this ammeter. These adjustments may have the effect 
of slightly detuning the driver plate tank, which should be retuned to resonance 
as indicated by minimum plate-current dip in the driver stage. Since one adjust- 
ment affects another, the amplifier plate tank again should be returned to resonance 
as shown by maximum indication on the ammeter. However, this maximum 
normally is much less than the previous maximum because with each readjust- 
ment the amplifier should approach the neutralized condition, as shown by a 
gradual decrease of r.f. in its plate tank circuit. Again the neutralizing condenser 
is adjusted to give the lowest r-f indication or, if possible, zero indication. After 
repeating the foregoing steps several times, a setting for the neutralizing con- 
denser is usually found which shows no reading on the thermocouple ammeter ; 
the amplifier then would be properly neutralized. The final steps are to remove 
the thermocouple ammeter, reconnect the plate tank circuit, apply plate voltage, 
and tune the tank for minimum plate-current dip. 

6.221. Question. For what purposes are decoupling networks used in 
audio-frequency amplifiers? 

Answer. The purposes of decoupling networks are to prevent regenerative coup- 
ling and oscillation between the stages due to the common impedance of the plate 
power supply. The frequency of such oscillation, when permitted, is usually very 
low and is called “motor-boating.”’ 

6.222. Question. Under what circumstances is a station in the mobile 
service not required to listen to distress traffic? 

Answer. <A station of the mobile service which, while following distress traffic 
of which it has knowledge, if able to continue its normal service may do so when 
the distress traffic is well established, on the following conditions: 

(a) The use of the distress wave, 500 kilocycles (600 meters), on which the 
distress traffic is taking place and the use of type B waves are forbidden. 

(b) The use of type Al waves, with the exception of those which might disturb 
the distress traffic, is permitted. 

6.223. Question. What interval of time must elapse between the end of 
the auto-alarm signal and an urgent cyclone warning? 

Answer. In the case of urgent cyclone warnings, the emission of the warning 
must not begin until 2 minutes after the termination of the alarm signal. 

6.224. Question. Describe the international auto-alarm signal. 

Answer. The alarm signal is composed of a series of 12 dashes transmitted in 
1 minute, the duration of each dash being 4 seconds and the duration of the interval 
between two dashes, 1 second. (See Question 6.184.) 

6.225. Question. What is the international distress frequency for sta- 
tions in the mobile service? 

Answer. 500 kilocycles. 
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APPENDIX: E+ 


PART 13.—RULES GOVERNING COMMERCIAL RADIO OPERATORS 


GENERAL 


13.1 Licensed operators required.1—Unless otherwise specified by the Commission, the 
actual operation of any radio station for which a station license is required shall be carried 
on only by a licensed radio operator of the required class. 

13.2 Classes of licenses.—The classes of commercial operator licenses issued by the 
Commission are: 


(a) Commercial radiotelephone group: 


(1) Radiotelephone second-class operator license. 
(2) Radiotelephone first-class operator license. 


(6) Commercial radiotelegraph group: 


(1) Radiotelegraph second-class operator license. 
(2) Radiotelegraph first-class operator license. 


(c) Restricted commercial group: 


(1) Restricted radiotelephone operator permit. 
(2) Restricted radiotelegraph operator permit. 


13.3 Dual holding of licenses.—A person may not hold more than one radiotelegraph 
operator license (or restricted radiotelegraph permit) and one radiotelephone operator license 
(or restricted radiotelephone operator permit) at the same time. 

13.4 Term of licenses.—Commercial operator licenses are normally issued for a term 
" of 5 years from the date of issuance. 


APPLICATIONS 


13.11 Procedure.—The application form in duplicate for operator license, properly com- 
pleted and signed, shall be submitted in person or by mail to the office at which the applicant 
desires to be examined, which office will make the final arrangements for conducting the 
examination. If the application is for renewal of license,? it must be submitted during the 
last year of the license term and if the service requirements are fulfilled* the renewal license 
may be issued by mail. A renewal application shall also be accompanied by the license to be 
renewed. 

13.125 Special provisions, radiotelegraph first class.—An applicant for the radio- 


* Reprinted from part 13 of the F.C.C. Rules and Regulations. 

1 Wherever the term “license” is used generally to denote an authorization from the Com- 
mission, it includes both “license” and “permit.” 

2 See section 13.61. 

3 All outstanding radiotelegraph licenses bearing an endorsement granting privileges com- 
parable with a radiotelephone license of any class shall be considered as two separate licenses 
and application for renewal thereof shall be made separately. : 

4 See section 13.28. 

5 Radiotelegraph first-class licenses now held by persons under 21 years of age may be 
renewed without regard to the age limit provided by section 13.12. 
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telegraph first-class operator license must be at least 21 years of age at the time the license 
is issued and shall have had an aggregate of 1 year of satisfactory service as a radiotelegraph 
operator manipulating the key of a manually operated radiotelegraph station on board a ship 
or in a manually operated coastal telegraph station. 


EXAMINATIONS 


13.21 Examination elements.—Written examinations will comprise questions from one 
or more of the following examination elements: 

(1) Basic law.—Provisions of law and regulation with which every operator should be 
familiar. 

(2) Basic theory and practice——Technical matters appropriate for every class of license 
except restricted radiotelephone operator permit. 

(3) Radiotelephone. pee! matters, both legal and technical, including radiotelephone 
theory and practice. 

(4) Advanced radiotelephone.—Theory and practice applicable to broadcast station operation. 

(5) Radiotelegraph—Additional matters, both legal and technical, including radiotelegraph 
theory and practice. | 

(6) Advanced radiotelegraph—Radiotelegraph theory and practice of wider scope, partic- 
ularly with respect to ship radio matters (direction finders, ship radiotelephone stations, spark 
transmitters, etc.). 

13.22 Examination requirements.—Applicants for original licenses will be required to 
pass examinations as follows: 

(a) Radiotelephone second-class operator license: 


(1) Ability to transmit and receive spoken messages in English. 
(2) Written examination elements: 1, 2, and 3. 


(b) Radiotelephone first-class operator license: 


(1) Ability to transmit and receive spoken messages in English. 
(2) Written examination elements: 1, 2, 3, and 4. 


(c) Radiotelegraph second-class operator license: 


(1) Ability to transmit and receive spoken messages in English. 
(2) Transmitting and receiving code test of sixteen (16) code groups per minute. 
(3) Written examination elements: 1, 2, 5, and 6. 


(d) Radiotelegraph first-class operator license: 


(1) Ability to transmit and receive spoken messages in English. 

(2) Transmitting and receiving code test of twenty-five (25) words per minute 
plain language and twenty (20) code groups per minute. | 

(3) Written examination elements: 1, 2, 5, and 6. 


(e) Restricted radiotelephone operator permit: 


(1) Ability to transmit and receive spoken messages in English. 
(2) Written examination element: 1. 


(f) Restricted radiotelegraph operator permit: 


(1) Transmitting and receiving code text of sixteen (16) code groups per minute. 
(2) Written examination elements: 1, 2, and 5. 


13.23 Form of writing.—Written examinations shall be in English and shall be written 
by the applicant in longhand in ink, except that diagrams may be in pencil. 

13.24 Passing mark.—A passing mark of 75 percent of a possible 100 percent will be 
required on each element of a written examination. 


=. = 
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13.25 New class, additional requirements.—The holder of a license, who applies for 
another class of license, will be required to pass only the added examination elements for the 


~ new class of license. 


13.26 Canceling and issuing new licenses.—If{ the holder of a license qualifies for a 
higher class in the same group, the license held will be canceled upon the issuance of the new 
license. Similarly, if the holder of a restricted operator permit qualifies for a first- or 
second-class operator license of the corresponding type, the permit held will be canceled upon 
issuance of the new license. 

13.27. Eligibility for reexamination.—An applicant who fails an examination element 
will be ineligible for 2 months® to take an examination for any class of license requiring 
that element. Examination elements will be graded in the order listed,?7 and an applicant 
may, without further application, be issued the class of license for which he qualifies. 

13.28 Renewal examinations and exceptions.8—A license may be renewed without 
examination provided the service record on the license ® shows at least 3 years’ satisfactory 
service in the aggregate during the license term and while actually employed as a radio 
operator under that license; or shows at least 2 years’ service in the aggregate, under the 
same conditions, of which 1 year must have been continuous and immediately prior to the 
date.of application for renewal. 

If the above requirements have not been fulfilled, but the service record shows at least 3 
months’ satisfactory service in the aggregate, while actually employed as a radio operator 
under the license during the last 3 years of the license term, a license may be renewed upon 
the successful completion of a renewal examination which may be taken at any time during the 
last year of the license term. 

Renewal examinations will consist of the same elements as for original licenses. However, 
the written examination will be directed toward a determination of the applicant’s qualifica- 
tions to continue to hold the license for which he has previously qualified. If the renewal 
examination is not successfully completed before expiration of the license sought to be re- 
newed, or if the service is not acceptable, the applicant will be examined as for the original 
license. 


CopE TESTS 


13.41 Transmitting speed requirements.—An applicant is required to transmit cor- 
rectly in the International Morse Code for 1 minute at the rate of speed prescribed in these 
rules for the class of license desired. 

13.42 Transmitting test procedure.—Transmitting tests shall be performed by the use 
of the conventional Morse key except that a semi-automatic key, if furnished by the applicant, 
may be used in transmitting code tests of 25 words per minute. 

13.43 Receiving speed requirements.—An applicant is required to receive the Inter- 
national Morse Code by ear, and legibly transcribe, consecutive words or code groups for a 


6 A month after date is the same day of the following month, or if there is no such day, 
the last day of such month. This principle applies for other periods. For example, in the case 
of the 2-month period to which this note refers, an applicant examined December 1 may be 
reexamined February 1, and an applicant examined December 29, 30, or 31 may be reexamined 
the last day of February, while one examined February 28 may be reexamined April 28. 

7See Section 13.28. 

8 Paragraph (2) of rule 439 shall remain in effect with respect to renewals of 3-year 
licenses outstanding on July 1, 1939. 

“Rule 439 (2) All operator licenses, except amateur, may be renewed without examination, 
provided— 

(a) The applicant has had 90 days’ satisfactory service during the 6-month period prior to 
the date the application for renewal of license is due to be filed, namely, 60 days prior 
to the expiration date, or 

(b) The applicant has had at least 12 months’ satisfactory service during the license term 
prior to the date the application for renewal of license is due to be filed.” 

9 See sections 13.91 to 13.94, inclusive. 
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period of 1 minute without error at the rate of speed specified in the rules for the class of license 
for which application is made. 

13.44 Receiving test procedure.—Receiving code tests shall be written in longhand 
either in ink or pencil except that in the case of the 25 words per minute code test, a type- 
writer may be used when furnished by the applicant. 

13.45 Computing word or code groups.—Each five characters shall be counted as one 
word or code group. Punctuation marks or figures count as two characters. 


Score or AUTHORITY 


13.61 Operators’ authority.—The various classes of commercial operator licenses issued 
by the Commission authorize the holders thereof to operate radio stations, except amateur, as 
follows: 

(a) Radiotelephone second-class operator license—Any station while using type A-0, A-3, 
A-4, or A-5 emission except standard broadcast stations, International Broadcast stations, 
or ship stations licensed to use power in excess of 100 watts and type A-3 emission for 
communication with coastal telephone stations. 

(b) Radiotelephone first-class operator license-——Any station while using type A-0, A-3, 
A-4, or A-5 emission except ship stations licensed to use a power in excess of 100 watts and 
type A-3 emission for communication with coastal telephone stations. 

(c) Radiotelegraph second-class operator license—Any station while using type B, A-0, A-1, 
A-2, A-3, or A-4 emission except— 

(1) Any of the various classes of broadcast stations other than a relay broadcast station, or 

(2) On a passenger 1° vessel required by treaty or statue to maintain a continuous radio 
watch by operators or on a vessel having continuous hours of service for public correspondence, 
the holder of this class of license may not act as chief operator. 

(3) On a vessel (other than a vessel operated exclusively on the Great Lakes) required 
by treaty or statute to be equipped with a radiotelegraph installation, the holder of this class 
license may not act as chief or sole operator until he has had at least 6 months’ satisfactory 
service as a qualified radiotelegraph operator on a vessel of the United States. 

(d) Radiotelegraph first-class operator license——Any station while using type B, A-0, A-1, 
A-2, A-3, or A-4 emission except— 

(1) Any of the various classes of broadcast stations other than a relay broadcast station. 

(2) On a cargo vessel (other than a vessel operated exclusively on the Great Lakes) 
required by treaty or statute to be equipped with a radiotelegraph installation, the holder of 
this class license may not act as chief or sole operator until he has had at least 6 months’ 
satisfactory service as a qualified radiotelegraph operator on a vessel of the United States. 

(e) Restricted radiotelephone operator permit—Any station while using type A-O, A-3, or 
A-4 emission: Provided, That— 

(1) Such operator is prohibited from making NEIL EE that may result in improper 
transmitter operation. 

(2) The equipment is so designed that none of the operations necessary to be performed 
during the course of normal rendition of service may cause off-frequency operation or result 
in any unauthorized radiation. 

(3) Any needed adjustments of the transmitter that may affect the proper operation of the 
station are regularly made by or in the presence of an operator holding a first or second class 
license, either telephone or telegraph, who shall be responsible for the proper operation of 
the equipment. 

Exceptions : 

(1) The permit is not valid for the operation of any of the various classes of ices 
stations other than a relay broadcast station. 

(2) The permit is not valid for the operation of a coastal telephone station ota coastal 
harbor station other than in the Territory of Alaska. 


10 A ship shall be considered a passenger ship if it carries or is licensed or certificated to 
carry more than 12 passengers. A cargo ship means any ship not a passenger ship. 
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(3) The permit is not valid for the operation of a ship station licensed to use type A-3 
emission for communication with coastal telephone stations. 

(f) Restricted radiotelegraph operator permit——Any station while using type B, A-0, A-1, 
A-2, A-3, or A-4 emission: Provided, That, in the case of equipment designed for and using 
type A-3 or A-4 emission— ; 

(1) Such operator is prohibited from making adjustments that may result in improper 
transmitter operation. 

(2) The equipment is so designed that none of the operations necessary to be performed 
during the course of normal rendition of service may cause off-frequency operation or result 
in any unauthorized radiation. 

(3) Any needed adjustments of the transmitter which may affect proper operation of the 
station are regularly made by or in the presence of an operator holding a first or second class 
license, either telephone or telegraph, who shall be responsible for the proper operation of the 
equipment. 

Exceptions : 

(1) The permit is not valid for the operation of any of the various classes of broadcast 
stations other than a relay broadcast station. 

(2) The permit is not valid for the operation of a ship station licensed to use type A-3 
emission for communication with coastal telephone stations. 

(3) The license is not valid for the operation of a radiotelegraph station on board a vessel 
required by treaty or statute to be equipped with a radio installation. 

(4) The license is not valid for the operation of any ship telegraph, coastal telegraph, or 


_ marine-relay station open to public correspondence. 


13.62 Special privileges.—(a) Any operator may operate any station in the experimental 
service, while using frequencies above 300,000 kilocycles. 

(b) Subject to the limitations set forth herein,!1 the holder of any class radiotelephone 
operator license may operate a radiotelephone point-to-point station, a coastal harbor, or 
coastal telephone station while using A-1 or A-2 emission, for testing or other transmission 
entirely secondary and incidental to the service of such station. 

13.63 Operator’s responsibility The licensed operator responsible for the maintenance 
of a transmitter may permit other persons to adjust a transmitter in his presence for the pur- 
pose of carrying out tests or making adjustments requiring specialized knowledge or skill, 
provided that he shall not be relieved thereby from responsibility for the proper operation 
of the equipment. 


MISCELLANEOUS 


13.71 Issue of duplicate license.—An operator whose license or permit has been lost, 
mutilated, or destroyed, shall immediately notify the Commission. A sworn application for 
duplicate should be submitted to the office of issue embodying a statement attesting to the facts 
thereof. If a license has been lost, the applicant must state that reasonable search has been 
made for it, and further, that in the event it be found either the original or the duplicate 
will be returned for cancellation. The applicant must also give a statement of the service 
that has been obtained under the lost license. 

13.72 Exhibiting signed copy of application——When a duplicate operator license or 
permit has been requested, or request for renewal upon service has been made, the operator 
shall exhibit in lieu thereof a signed copy of the application for duplicate, or renewal, which has 
been submitted by him. 

13.73 Supervision of examinations for permit.—Persons other than employees of the 
Commission may be authorized to supervise examinations for Restricted Radiotelephone 
Operator Permits for one or more employees of a division of local or State Government: 
Provided— 

(a) That the absence of such employees for the purpose of taking an examination at a 
field office or designated examining city would interfere with the proper functioning of the 
division, and 


11 Section 13.61. 
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(b) That the chief of police, director of public safety, or other officials of equal responsi- 
bility furnish the names of the persons to be examined and designate an official by name 
and title to supervise the examination. The application for supervisory examination shall be 
made to the inspector in charge of the district in which the applicants are located. 

13.74 Verification card.—The holder of an operator license who operates any station in 
which the posting of an operator license is not required, may, upon filing application 12 in 
duplicate, accompanied by his license, obtain a Verification Card.18 This card may be carried 
on the person of the operator in lieu of the original operator license: Provided, The license is 
readily accessible within a reasonable time for inspection upon demand by an authorized 
Government representative. 

13.75 Posting license or verified statement.—The holder of a radiotelegraph or radio- 
telephone first or second class license who is employed as a service and maintenance operator at 
stations operated by holders of Restricted Operator Permits shall post at such station his 
operator license or a verified statement from the Commission 14 in lieu thereof. 


SERVICE 


13.91 Endorsement of service record.—A station licensee, or his duly authorized agent, 
or the master of a vessel acting as the agent of a licensee, shall endorse the service record 
appearing on said operator license, showing the call letters and types of emission of the station 
operated, the nature and period of employment, and quality of performance of duty. 

13.92 Aviation service endorsement.—If the operator has operated more than three 
stations in the aviation service, the service may be shown by giving the name of the aviation 
chain or company in lieu of listing the call letters of the several stations. 

13.93 Service acceptability.—Credit will be allowed only for satisfactory service ob- 
tained under conditions that required the employment of licensed operators, or when obtained 
at United States Government stations. 

13.94 Statement in lieu of service endorsement.—The holder of a radiotelegraph 
license or a restricted radiotelegraph operator permit desiring an endorsement to be placed 
thereon attesting to an aggregate of at least 6 months’ satisfactory service as a qualified 
operator on a vessel of the United States, may, in the event documentary evidence cannot 
be produced, submit to any office of the Commission a statement under oath accompanied by 
the license to be endorsed, embodying the following: 


(a) Names of ships at which employed; 
(b) Call letters of stations; 

(c) Types of emission used: 

(d) Type of service performed as follows: 


(1) Manual radiotelegraph operation only; and 
(2) Transmitter control only; or 
(3) Combination of (1) and (2) running concurrently; 


(e) Whether service was satisfactory or unsatisfactory ; 
(f) Period of employment; 
(7) Name of master, employer, licensee, or his duly authorized agent. 


12 Form 756. 13 Form 758-F, 14 Form 759, 


APPENDIX II 
EXTRACTS FROM RADIO LAWS 


1. Communications Act of 1934, As Amended. 

2. International Radiotelegraph Conference, Madrid 1932. 

3. International Radio Regulations (Cairo Revision, 1938). 

4. Rules and Regulations, Federal Communications Commission. 


(1) Extracts of the Communications Act of 1934, As Amended 


Section 1. For the purpose of regulating interstate and foreign commerce in communication 
by wire and radio so as to make available, so far as possible, to all the people of the United 
States a rapid, efficient, Nation-wide, and world-wide wire and radio communication service 
with adequate facilities at reasonable charges, for the purpose of the national defense, for the 
purpose of promoting safety of life and property through the use of wire and radio communica- 
tion, and for the purpose of securing a more effective execution of this policy by centralizing 
authority heretofore granted by law to several agencies and by granting additional authority 
with respect to interstate and foreign commerce in wire and radio communication, there is 
hereby created a Commission to be known as the “Federal Communications Commission,” 
which shall be constituted as hereinafter provided and which shall execute and enforce the 
provisions of this act. 


* * * * * * * 


Sec. 301. It is the purpose of this Act, among other things, to maintain the control of the 
United States over all the channels of interstate and foreign radio transmission ; and to provide 
for the use of such channels, but not the ownership thereof, by persons for limited periods 
of time, under licenses granted by Federal authority, and no such license shall be construed to 
create any right, beyond the terms, conditions, and periods of the license. No person shall use 
or operate any apparatus for the transmission of energy or communications or signals by radio 
(a) from one place in any Territory or possession of the United States or in the District of 
Columbia to another place in the same Territory, possession, or district; or (b) from any 
State, Territory, or possession of the United States, or from the District of Columbia to any 
other State, Territory, or possession of the United States; or (c) from any place in any 
State, Territory, or possession of the United States, or in the District of Columbia, to any 
place in any foreign country or to any vessel; or (d) within any State when the effects of 
such use extend beyond the borders of said State, or when interference is caused by such 
use or operation with the transmission of such energy, communications, or signals from within 
said State to any place beyond its borders, or from any place beyond its borders to any place 
within said State, or with the transmission or reception of such energy, communications, or 
signals from and/or to places beyond the borders of said State; or (e) upon any vessel or 
aircraft of the United States; or (f) upon any other mobile stations within the jurisdiction of 
the United States, except under’ and in accordance with this Act and with a license in that 
behalf granted under the provisions of this Act. 


* * * * * * * 
Sec. 303.. Except as otherwise provided in this Act, the Commission from time to time, as 
public convenience, interest, or necessity requires, shall— 


* * * * * * * 
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(1) Have authority to prescribe the qualifications of station operators, to classify them 
according to the duties to be performed, to fix the forms of such licenses, and to issue them 
to such citizens of the United States as the Commission finds qualified; 

(m) (1) Have authority to suspend the license of any operator upon proof sufficient to satisfy 
the Commission that the licensee— 

(A) Has violated any provision of any Act, treaty, or convention binding on the United 
States which the Commission is authorized to administer, or any regulation made by the 
Commission under any such Act, treaty, or convention; or 

(B) Has failed to carry out a lawful order of the master or person lawfully in charge of 
the ship or aircraft on which he is employed; or 

(C) Has willfully damaged or permitted radio apparatus or installations to be damaged; or 

(D) Has transmitted superfluous radio communications or signals or communications con- 
taining profane or obscene words, language, or meaning, or has knowingly transmitted— 

(1) False or deceptive signals or communications, or 

(2) A call signal or letter which has not been assigned by proper authority to the station 
he is operating; or 

(E) Has willfully or maliciously interfered with any other radio communications or sig- 
nals; or 

(F) Has obtained or attempted to obtain, or has assisted another to obtain or attempt to 
obtain, an operator’s license by fraudulent means. 

(2) No order of suspension of any operator’s license shall take effect until fifteen days’ 
notice in writing thereof, stating the cause for the proposed suspension, has been given to the 
operator licensee who may make written application to the Commission at any time within 
said fiiteen days for a hearing upon such order. The notice to the operator licensee shall not 
be effective until actually received by him, and from that time he shall have fifteen days in 
which to mail the said application. In the event that physical conditions prevent mailing of 
the application at the expiration of the fifteen-day period, the application shall then be mailed 
as soon as possible thereafter, accompanied by a satisfactory explanation of the delay. Upon 
receipt by the Commission of such application for hearing, said order of suspension shall be 
held in abeyance until the conclusion of the hearing which shall be conducted under such rules 
as the Commission may prescribe. Upon the conclusion of said hearing the Commission may 
affirm, modify, or revoke said order of suspension. 

(n) Have authority to inspect all radio installations associated with stations required to be 
licensed by any Act or which are subject to the provisions of any Act, treaty, or convention 
binding on the United States, to ascertain whether in construction, installation, and operation 
they conform to the requirements of the rules and regulations of the Commission, the provisions 
of any Act, the terms of any treaty or convention binding on the United States, and the condi- 
tions of the license or other instrument of authorization under which they are constructed, 
installed, or operated. 


* * * * * * * 


(r) Make such rules and regulations and prescribe such restrictions and conditions, not 
inconsistent with law, as may be necessary to carry out the provisions of this Act, or any 
international radio or wire communications treaty or convention, or regulations annexed thereto, 
including any treaty or convention insofar as it relates to the use of radio, to which the United 
States is or may hereafter become a party. 

* * * * x * * 


Sec. 318. The actual operation of all transmitting apparatus in any radio station for which 
a station license is required by this Act shall be carried gn only by a person holding an 
operator’s license issued hereunder, and no person shall operate any such apparatus in such 
station except under and in accordance with an operator’s license issued to him by the Com- 
mission: Provided, however, That the Commission if it shall find that the public interest, 
convenience, or necessity will be served thereby may waive or modify the foregoing provisions 
of this section for the operation of any station except (1) stations for which licensed operators 
are required by international agreement, (2) stations for which licensed operators are required 
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for safety purposes, (3), stations engaged in broadcasting and (4) stations operated as common 
carriers on frequencies below thirty thousand kilocycles: Provided further, That the Commis- 
sion shall have power to make special regulations governing the granting of licenses for the 
use of automatic radio devices and for the operation of such devices. 


% * * ok * * * * 


Sec. 321. (a) The transmitting set in a radio station on shipboard may be adjusted in 
such a manner as to produce a maximum of radiation, irrespective of the amount of inter- 
ference which may thus be caused, when such station is sending radio communications or 
signals of distress and radio communication relating thereto. 

(b) All radio stations, including Government stations and stations on board foreign vessels 
when within the territorial waters of the United States, shall give absolute priority to radio 
communications or signals relating to ships in distress; shall cease all sending on frequencies 
which will interfere with hearing a radio communication or signal of distress, and, except 
when engaged in answering or aiding the ship in distress, shall refrain from sending any radio 
communications or signals until there is assurance that no interference will be caused with 
the radio communications or signals relating thereto, and shall assist the vessel in distress, 
so far as possible, by complying with its instructions. 

Sec. 322. Every land station open to general public service between the coast and vessels 
or aircraft at sea shall, within the scope of its normal operations, be bound to exchange radio 
communications or signals with any ship or aircraft station at sea; and each station on ship- 
board or aircraft at sea shall, within the scope of its normal operations, be bound to exchange 
radio communications or signals with any other station on shipboard or aircraft at sea or 
with any land station open to general public service between the coast and vessels or aircraft 
at sea: Provided, That such exchange of radio communication shall be without distinction as 
to radio systems or instruments adopted by each station. 


* * * * * * * 


Sec. 325. (a) No person within the jurisdiction of the United States shall knowingly utter 
or transmit, or cause to be uttered or transmitted, any false or fraudulent signal of distress, 
or communication relating thereto, nor shall any broadcasting station rebroadcast the program 
or any part thereof of another broadcasting station without the express authority of the 
originating station. 

* * * * * * * 


Sec. 326. Nothing in this Act shall be understood or construed to give the Commission 
the power of censorship over the radio communications or signals transmitted by any radio 
station, and no regulation or condition shall be promulgated or fixed by the Commission which 
shall interfere with the right of free speech by means of radio communication. No person 
within the jurisdiction of the United States shall utter any obscene, indecent, or profane 
language by means of radio communication. 


* * x * * * * 


Sec. 358. The radio installation, the operators, the regulation of their watches, the trans- 
mission and receipt of messages, and the radio service of the ship except as they may be 
regulated by law or international agreement, or by rules and regulations made in pursuance 
thereof, shall in the case of a ship of the United States be under the supreme control of the 
master. 

* * * * * * * 

Sec. 501. Any person who willfully and knowingly does or causes or suffers to be done 
any act, matter, or thing, in this Act prohibited or declared to be unlawful, or who willfully 
and knowingly omits or fails to do any act, matter, or thing in this Act required to be done, 
or willfully and knowingly causes or suffers such omission or failure, shall, upon conviction 
thereof, be punished for such offense, for which no penalty (other than a forfeiture) is pro- 
vided herein, by a fine of not more than $10,000 or by imprisonment for a term of not more 
than two years, or both. 

Sec. 502. Any person who willfully and knowingly violates any rule, regulation, restriction, 
or condition made or imposed by the Commission under authority of this Act, or any rule, 
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regulation, restriction, or condition made or imposed by any international radio or wire com- 
munications treaty or convention, or regulations annexed thereto, to which the United States 
is or may hereafter become a party, shall, in addition to any other penalties provided by law, 
be punished, upon conviction thereof, by a fine of not more than $500 for each and every day 
during which such offense occurs. 

* * *: * * * * 


Sec. 605. No person receiving or assisting in receiving, or transmitting, or assisting in 
transmitting, any interstate or foreign communication by wire or radio shall divulge or publish 
the existence, contents, substance, purport, effect, or meaning thereof, except through author- 
ized channels of transmission or reception, to any person other than the addressee, his agent, 
or attorney, or to a person employed or authorized to forward such communication to its 
destination, or to proper accounting or distributing officers of the various communicating 
centers over which the communication may be passed, or to the master of a ship under whom 
he is serving, or in response to a subpena issued by a court of competent jurisdiction, or on 
demand of other lawful authority; and no person not being authorized by the sender shall 
intercept any communication and divulge or publish the existence, contents, substance, purport, 
effect, or meaning of such intercepted communication to any person; and no person not being 
entitled thereto shall receive or assist in receiving any interstate or foreign communication 
by wire or radio and use the same or any information therein contained for his own benefit 
or for the benefit of another not entitled thereto; and no person having received such inter- 
cepted communication or having become acquainted with the contents, substance, purport, 
effect, or meaning of the same or any part thereof, knowing that such information was so 
obtained, shall divulge or publish the existence, contents, substance, purport, effect, or mean- 
ing of the same or any part thereof, or use the same or any information therein contained for 
his own benefit or for the benefit of another not entitled thereto: Provided, That this section 
shall not apply to the receiving, divulging, publishing, or utilizing the contents of any radio 
communication broadcast, or transmitted by amateurs or others for the use of the general 
public, or relating to ships in distress. 


(2) International Telecommunication Convention, Madrid, 1932 


ARTICLE 24 


§ 1. The contracting governments agree to take all the measures possible, compatible with 
the system of telecommunication used, with a view to insuring the secrecy of international 
correspondence. 

* * * * * * * 


ARTICLE 34 


§ 1. Stations carrying on radio communications in the mobile service shall be bound, within 
the scope of their normal operation, to exchange radio communications with one another ir- 
respective of the radio system they have adopted. 


ARTICLE 35 


§ 1. All stations, regardless of their purpose, must, so far as possible, be established and 
operated in such a manner as not to interfere with the radio services or communications of 
either the other contracting governments, or the private operating agencies recognized by 
these contracting governments and of other duly authorized operating agencies which carry _ 
on radio-communication service. 

ARTICLE 36 


Stations participating in the mobile service shall be obliged to accept, with absolute priority, 
distress calls and messages regardless of their origin, to reply in the same manner to such 
messages, and immediately to take such action in regard thereto as they may require. 
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ARTICLE 37 


The contracting governments agree to take the steps required to prevent the transmission 
or the putting into circulation of false or deceptive distress signals or distress calls, and the 
use, by a station, of call signals which have not been regularly assigned to it. 


(3) General Radio Regulations (Cairo Revision, 1938) 


Annexed to The International Telecommunications Convention (Madrid 1932) 


ARTICLE 2 


44 The administrations agree to take the necessary measures to prohibit and prevent: 

45 (a) the unauthorized interception of radio communications not intended for the general 
use of the public; 

46 (hb) the divulging of the contents or of the mere existence, the publication or any use 
whatever, without authorization, of the radio communication mentioned in No. 45. 


ARTICLE 3 


47 §1. (1) No transmitting station may be established or operated by any person or by any 
enterprise whatever without a special license issued by the government of the country to 
which the station in question is subject. 


* 2 * * * * * 


ARTICLE 6 


69 §1. The waves emitted by a station must be kept on the authorized frequency as exactly 
as the state of the art permits, and their radiation must be as free as practically possible from 
all emissions not essential to the type of communication carried on. 

71 §2. (1) The state of the art in the various cases of operation is defined in appendixes 
1, 2, and 3, concerning the exactitude of the frequency, the level of harmonics, and the width 
of the frequency band occupied. 

* * * * * * * 


76 §3. (1) The administrations shall frequently check the waves emitted by the stations 
under their jurisdiction to determine whether or not they comply with the provisions of the 
present Regulations. 


* * xk K * aK x 


ARTICLE 9 


203 §2. The frequency of emission of mobile stations shall be verified as often as possible 
by the inspection service to which they are subject. 


* * * * * 2x * 


ARTICLE II 


276 §1. The radio service of a mobile station shall be placed under the supreme authority 
of the master or the person responsible for the ship, aircraft, or any other vehicle carrying 
the mobile station. 

* * * * * * * 

278 § 3. The master or responsible person as well as any persons who may have knowledge 
of the text or simply the existence of radiotelegrams, or of any information acquired by means 
of the radio service, shall be bound by the obligation to observe and insure the secrecy of 
the correspondence. 

ARTICLE 12 


279 §1. (1) The competent governments or administrations of countries where a mobile 
station calls, may demand the production of the license. The operator of the mobile station 
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or the person responsible for the station must submit to this verification. The license must 
be kept in such a way that it may be furnished withot delay. However, the production of the 
license may be replaced by a permanent posting in the station, of a copy of the license certified 
by the authority which has granted it. 


* * * * * * * 


ARTICLE 17 


374 $2. (1) Before transmitting, any station must keep watch over a sufficient interval to 
assure itself that it will cause no harmful interference with the transmissions being made 
within its range; if such interference is likely, the station shall await the first stop in the 
transmission which it may disturb. 


* * * * x * * 


ARTICLE 22 


525 §1. (1) The transmission of unnecessary or unidentified signals or correspondence 
shall be forbidden to all stations. 

527 (2) Tests and experiments shall be permitted in mobile stations if they do not interfere 
with the service of other stations. As for stations other than mobile stations, each administra- 
tion shall judge, before authorizing them, whether or not the proposed tests or experiments 
are likely to interfere with the service of other stations. 


* * * * * * * 


ARTICLE 24 


542 1. No provision of these Regulations shall prevent a mobile station in distress from 
using any means available to it for drawing attention, signalling its position, and obtaining 
help. 

* * * * * * * 

548 3. (2) Aircraft. Any aircraft in distress must transmit the distress call on the watch- 
ing-wave of the land or mobile stations capable of helping it; when the call is addressed to 
stations of the maritime service, the waves to be used are the distress-wave or watching-wave 
of these stations. 

549 § 4. (1) In radiotelegraphy, the distress signal shall consist of the group ... —-—-—..., 
transmitted as one signal, in which the dashes must be emphasized so as to be distinguished 
clearly from the dots. 

550 In radiotelephony, the distress signal shall consist of the spoken expression Mayday 
(corresponding to the French pronunciation of the expression “‘m’aider’’). 

551 (2) These distress signals shall announce that the ship, aircraft, or any other vehicle 
which sends the distress signal is threatened by serious and imminent danger and requests 
immediate assistance. 


> * * * * * * 


555 §5. (4) This catl shall have absolute priority over other transmissions. All stations 
hearing it must immediately cease all transmission capable of interfering with the distress 
traffic and must listen on the wave used for the distress call. This call must not be sent to 
any particular station and shall not require an acknowledgment of receipt. 

556 §6. (1) The distress call must be followed as soon as possible by the distress message. 
This message shall include the distress call followed by the name of the ship, aircraft, or the 
vehicle in distress, information regarding the position of the latter, the nature of the distress 
and the nature of the help requested, and any other further information which might facilitate 
this assistance. 

557 (2) When, in its distress message, an aircraft is unable to signal its position, it shall 
endeavor after the transmission of the incomplete message to send its call signal long enough 
so that the radio direction-finding stations may determine its position. 

558 §7. (1) As a general rule, a ship or aircraft at sea shall signal its position in latitude 
and longitude (Greenwich), using figures, for the degrees and minutes, accompanied by one 
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of the words North or South and one of the words East or West. A period shall separate 
the degrees from the minutes. In some cases, the true bearings and the distance in nautical 
miles from some known geographical point may be given. 

* * * * * * * 


560 (3) As a general rule, an aircraft flying over land shall signal its position by the name 
of the nearest locality, its approximate distance from this point, accompanied, according to 
the case, by one of the words North, South, East, or West, or, in some cases, words indicating 
intermediate directions. 

561 §8. The distress call and message shall be sent only by order of the master or person 
responsible for the ship, aircraft, or other vehicle carrying the mobile station. 

* * * * * * * 


569 §11 (1) Stations of the mobile service which receive a distress message from a mobile 
station which is unquestionably in their vicinity, must acknowledge receipt thereof at once 
(see Nos. 587, 588, and 589). If the distress call has not been preceded by an auto-alarm 
signal, these stations may transmit this auto-alarm signal with the authorization of the author- 
ity responsible for the station (for mobile stations, see No. 276), taking care not to interfere 
with the transmission of the acknowledgment of the receipt of said message by other stations. 

570 (2) Stations of the mobile service which receive a distress message from a mobile 
station which unquestionably is not in their vicinity, must wait a short period of time before 
acknowledging receipt thereof, in order to make it possible for stations nearer to the mobile 
station in distress to answer and acknowledge receipt without interference. 


* * * * * x * 

573 § 14. The control of distress traffic shall devolve upon the mobile station in distress or 
upon the mobile station which, by application of the provisions of No. 567, has sent the 
distress call, These stations may delegate the control of the distress traffic to another station. 

* , * * 2x * * * 


604 §22. (2) In radiotelephony the urgent signal shall consist of three transmissions of 
the expression PAN (corresponding to the French pronunciation of the word “panne”) ; it 
shall be transmitted before the call. 

605 (3) The urgent signal shall indicate that the calling station has a very urgent message 
to transmit concerning the safety of a ship, an aircraft, or another vehicle, or concerning the 
safety of some person on board or sighted from on board. 

606 (4) In the aeronautical service, the urgent signal PAN shall be used in radiotelegraphy 
and in radiotelephony to indicate that the aircraft transmitting it is in trouble and is forced to 
land, but that it is not in need of immediate help. This signal should, so far as possible, be 
followed by a message giving additional information. 

607-(5) The urgent signal shall have priority over all other communications, except dis- 
tress communications, and all mobile or land stations hearing it must take care not to inter- 
fere with the transmission of the message which follows the urgent signal. 

608 (6) In case the urgent signal is used by a mobile station, this signal must, as a general 
rule, subject to the provisions of No. 606, be addressed to a definite station. 


* * * 3K 2K * *K 


612 §25. (1) The urgent signal may be transmitted only with the authorization of the 
master or of the person responsible for the ship, aircraft, or any other vehicle carrying the 
mobile station. 

613 (2) In the case of a land station, the urgent signal may be transmitted only with the 
approval of the responsible authority. 

* * * * * * * 

615 §26. (1) In radiotelegraphy, the safety signal shall consist of the group TTT, trans- 
mitted three times, with the letters of each group, as well as the consecutive groups, well 
separated. This signal shall be followed by the word DE and three transmissions of the 
call signal of the station sending it. It announces that this station is about to transmit a 
message concerning the safety of navigation or giving important meteorological warnings. 
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616 (2) In radiotelephony, the word Security (corresponding to the French pronuncia- 
tion of the word “sécurité”) repeated three times, shall be used as the safety signal. 


* * * * * * * 
619 § 28. (2) All stations hearing the safety signal must continue listening on the wave 


on which the safety signal has been sent until the message so announced has been completed ; 
they must moreover keep silence on all waves likely to interfere with the message. 


ARTICLE 26 


Order of Priority of Communications in the Mobile Service 


653 The order of priority of radio communications in the mobile service shall be as follows: 
. Distress calls, distress messages, and distress traffic ; 

Communications preceded by an urgent signal ; 

Communications preceded by a safety signal ; 

. Communications relative to radio direction-finding bearings; 

. Government radiotelegrams for which priority right has not been waived; 

. All other communications. 


An hWNH 


(4) Extracts from Rules and Regulations of the Federal Communications Commission 
CHAPTER I—RuLEs oF PRACTICE AND PROCEDURE 


Sec. 1.391 Under Title III of the Act. Any licensee receiving official notice of a violation 
of the terms of the Communications Act of 1934, any legislative act, Executive Order, treaty 
to which the United States is a party, or the Rules and Regulations of the Federal Communica- 
tions Commission, shall, within three days from such receipt, send a written answer direct to 
the Federal Communications Commission at Washington, D. C., and a copy thereof to the 
office of the Commission originating the official notice when the originating office is other than 
the office of the Commission in Washington, D. C. Provided, however, That if an answer 
cannot be sent nor an acknowledgment made within such three-day period by reason of illness 
or other unavoidable circumstances, acknowledgment and answer shall be made at the earliest 
practicable date with a satisfactory explanation of the delay. The answer to each notice shall 
be complete in itself and shall not be abbreviated by reference to other communications or 
answers to other notices. If the notice relates to some violation that may be due to the 
physical or electrical characteristics of transmitting apparatus, the answer shall state fully 
what steps, if any, are taken to prevent future violations, and if any new apparatus is to be 
installed, the date such apparatus was ordered, the name of the manufacturer, and promised 
date of delivery. If the installation of such apparatus requires a construction permit, the file 
number of the application shall be given, or if a file number has not been assigned by the 
Commission, such identification as will permit of ready reference. If the notice of violation 
relates to some lack of attention or improper operation of the transmitter, the name and 
license number of the operator in charge shall be given. 

* * * * * * * 


Sec. 1.411 Order of suspension. No order of suspension of any operator’s license shall 
take effect until fifteen days’ notice in writing thereof, stating the cause for the proposed sus- 
pension, has been given to the operator licensee who may make written application to the 
Commission at any time within said fifteen days for a hearing upon such order. The notice 
to the operator licensee shall not be effective until actually received by him, and from that 
time he shall have fifteen days in which to mail the said application. In the event that physical 
conditions prevent mailing of the application at the expiration of the fifteen-day period, the 
application shall then be mailed as soon as possible thereafter, accompanied by a satisfactory 
explanation of the delay. Upon receipt by the Commission of such application for hearing, 
said order of suspension shall be held in abeyance until the conclusion of the hearing which 
shall be conducted under such rules as the Commission shall deem appropriate. Upon the 
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conclusion of said hearing the Commission may affirm, modify, or revoke said order of sus- 
pension. 

Sec. 1.412 Proceedings. Proceedings for the suspension of an operator’s license shall in 
all cases be initiated by the entry of an order of suspension. Respondent will be given notice 
thereof together with notice of his right to be heard and to contest the proceeding. The 
effective date of the suspension will not be specified in the original order but will be fixed 
by subsequent motion of the Commission in accordance with the conditions specified above. . 
Notice of the effective date of suspension will be given respondent, who shall send his operator 
license to the office of the Commission in Washington, D. C., on or before the said effective 
date, or, if the effective date has passed at the time notice is received, the license shall be sent 
to the Commission forthwith. 


PART 2—GENERAL RULES AND REGULATIONS 


Sec 2.48 Station inspection. The licensee of any radio station shall make the station avail- 
able for inspection by representatives of the Commission at any reasonable hour and under 
the regulations governing the class of station concerned. 

Sec. 2.52 Operator license, posting of. The original license of each station operator shall 
be posted at the place where he is on duty or kept in his possession in the manner specified in 
the regulations governing the class of station concerned. 

Sec. 2.53 Operators’ place of duty. a. Except as may be provided in the rules governing 
a particular class of station, one or more licensed operators of the grade specified by these 
rules and regulations shall be on duty at the place where the transmitting apparatus of each 
station is located and in actual charge thereof whenever it is being operated: Provided, however, 
That: 

2. In the case of two or more stations, except amateur and broadcast, licensed in the name 
of the same person to use frequencies above 30,000 kilocycles only, a licensed radio operator 
of any class except amateur, radiotelephone third class, or holder of restricted operator permit 
who has the station within his effective control, may be on duty at any point within the com- 
munication range of such stations in lieu of the transmitter location or control point during 
the actual operation of the transmitting apparatus and shall supervise the emissions of all such 
stations so as to insure the proper operation in accordance with the station license. 

Sec. 2.54 Retention of radio station logs. Logs of a radio station, when required elsewhere 
in these rules and regulations to be made or kept, shall be retained by the licensee for a period 
of one year unless otherwise provided by the rules governing the particular service or class of 
station concerned: Provided, however, That logs involving communications incident to a dis- 
aster or which include communications incident to or involved in an investigation by the Com- 
mission and concerning which the licensee has been notified, shall be retained by the licensee 
until specifically authorized in writing by the Commission to destroy them: Provided, further, 
That logs incident to or involved in any claim or complaint of which the licensee has notice 
shall be retained by the licensee until such claim or complaint has been fully satisfied or until 
the same has been barred by statute limiting the time for the filing of suits upon such claims. 

Sec. 2.55 Logs, by whom kept. Each log shall be kept by the person or persons competent 
to do so, having actual knowledge of the facts required, who shall sign the log when starting 
duty and again when going off duty. The logs shall be made available upon request by an 
authorized representative of the Commission. 

Sec. 2.57 Correction of logs. No log or portion thereof shall be erased, obliterated, or 
wilfully destroyed within the period of retention provided by the rules. Any necessary cor- 
rection may be made only by the person originating the entry who shall strike out the erroneous 
portion, initial the correction made and indicate the date of correction. 

Sec. 2.58 Rough logs. Rough logs may be transcribed into condensed form, but in such 
case the original log or memoranda and all portions thereof shall be preserved and made a 
part of the complete log. 

Sec. 2.59 Distress messages. Each station licensee shall give absolute priority to radio 
communications or signals relating to ships or aircraft in distress; shall cease all sending on 
frequencies which will interfere with hearing a radio communication or signal of distress and 
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except when engaged in answering or aiding the ship or aircraft in distress; shall refrain 
from sending any radio communications or signals until there is assurance that no interference 
will be caused with the radio communications or signals relating thereto, and shall assist the 
vessel in distress, so far as possible, by complying with its instructions. : 

Sec. 2.60 Control of distress traffic. The control of distress traffic shall devolve upon the 
mobile station in distress or upon the station which by application of the provisions of Sec. 
2.61 has sent the distress call. These stations may delegate the control of the distress traffic 
to another station. 

Sec. 2.61 Retransmission of distress message. Any station which becomes aware that a 
mobile station is in distress may transmit the distress message in the following cases: 

a. When the station in distress is not itself in a position to transmit the message. 


b. In the case of mobile stations, when the Master or the person in charge of the ship, 


aircraft, or other vehicle carrying the station which intervenes believes that further help is 
necessary. 

c. In the case of other stations, when directed to do so by the station in control of distress 
trafic or when it has reason to believe that a distress call which it has interpreted has not 
been received by any station in a position to render aid. 

SEC. 2.62 Resumption of operation after distress. No station having been notified to cease 
operation shall resume operation on frequency or frequencies which may cause interference 
until notified by the station issuing the original notice that the station involved will not 
interfere with distress traffic as it is then being routed or until the receipt of a general notice 
that the need for handling distress traffic no longer exists. 

SEC. 2.63 Operation during emergency. The licensee of any station, except amateurs, may, 


during a period of emergency in which the normal communication facilities are disrupted as a 


result of hurricane, flood, earthquake, or similar disaster, utilize such station for emergency 
communication service in communicating in a manner other than that specified in the station 
license, provided (1) that as soon as possible after the beginning of such emergency use notice 
be sent to the Commission in Washington, D. C., and to the Inspector in Charge of the district 
in which the station is located stating the nature of the emergency and the use to which the 
station is being put, and (2) that the emergency use of the station shall be discontinued as soon 
as substantially normal communication facilities are again available and the Commission in 
Washington, D. C., and the Inspector in Charge be notified immediately when such special 
use of the station is terminated. The Commission may at any time order the discontinuance 
of such service. 

SEC. 2.75 Frequency measurement. The licensee of each station shall provide means for the 
measurement of the station frequency. The measurement of the station frequency shall be 
made by a means independent of the frequency control of the transmitter and shall be con- 
‘ducted in accord with the regulations governing the class of station concerned. 

SEC. 2.80 Operating power tolerance. The operating power of all radio stations shall be 
maintained within the following tolerance of the assigned power: 

1. When the maximum power only is specified, the operating power shall not be greater 
than necessary to carry on the service and in no event more than 5 per cent above the maxi- 
mum power specified. 

2. When an exact power is specified, the operating power shall not be more than 5 percent 
above or less than 10 percent below such power. 


PART I3—RULES GOVERNING COMMERCIAL RADIO OPERATORS 


Sec. 13.61 Operators’ authority. The various classes of commercial operator licenses issued 
by the Commission authorize the holders thereof to operate radio stations, except amateur, 
as follows: 

(e) Restricted radiotelephone operator permit. Any station while using type A-0, A-3, 
or A-4 emission: Provided, That, 

(1) Such operator is prohibited from making adjustments that may result in improper 
transmitter operation. ? 


(2) The equipment is so designed that none of the operations necessary to be performed 
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during the course of normal rendition of service may cause off-frequency operation or result 
in any unauthorized radiation. 

(3) Any needed adjustments of the transmitter that may affect the proper operation of 
the station are regularly made by or in the presence of an operator holding a first- or second- 
class license, either telephone or telegraph, who shall be responsible for the proper operation 
of the equipment. 

Exceptions : | 

(1) The permit is not valid for the operation of any of the various classes of broadcast 
stations other than a relay broadcast station. 

(2) The permit is not valid for the operation of a coastal telephone station or a coastal 
harbor station other than in the Territory of Alaska. 

(3) The permit is not valid for the operation of a ship. station licensed to use type A-3 
emission for communication with coastal telephone stations. 

({) Restricted radiotelegraph operator permit. Any station while using type B, A-0, A-1, 
A-2, A-3, or A-4 emission: Provided, That, in the case of equipment designed for and using 
type A-3 or A-4 emission. 

(1) Such operator is prohibited from making adjustments that may result in improper 
transmitter operation. 

(2) The equipment is so designed that none of the operations necessary to be performed 
during the course of normal rendition of service may cause off-frequency operation or result 
in any unauthorized radiation. 

(3) Any needed adjustments of the transmitter which may affect proper operation of the 
station are regularly made by or in the presence of an operator holding a first- or second-class 
license, either telephone or telegraph, who shall be responsible for the proper operation of 
the equipment. 

Exceptions: 

(1) The permit is not valid for the operation of any of the various classes of broadcast 
stations other than a relay broadcast station. 

(2) The permit is not valid for the operation of a ship station licensed to use type A-3 
emission for communication with coastal telephone stations. 

(3) The license is not valid for the operation of a radiotelegraph station on board a vessel 
required by treaty or statute to be equipped with a radio installation. 

(4) The license is not valid for the operation of any ship telegraph, coastal telegraph, or 
marine-relay station open to public correspondence. 

Sec. 13.63 Operator’s responsibility. The licensed operator responsible for the maintenance 
of a transmitter may permit other persons to adjust a transmitter in his presence for the pur- 
pose of carrying out tests or making adjustments requiring specialized knowledge or skill, 
provided that he shall not be relieved thereby from responsibility for the proper operation of 
the equipment. 

Sec. 13.71 Issue of duplicate license. An operator whose license or permit has been lost, 
mutilated, or destroyed, shall immediately notify the Commission. A sworn application for 
duplicate should be submitted to the office of issue embodying a statement attesting to the facts 
thereof. If a license has been lost, the applicant must state that reasonable search has been 
made for it, and further, that in the event it be found either the original or the duplicate will 
be returned for cancellation. The applicant must also give a statement of the service that 
has been obtained under the lost license. 

Sec. 13.72 Exhibiting signed copy of application. When a duplicate operator license or 
permit has been requested, or request for renewal upon service has been made, the operator 
shall exhibit in lieu thereof a signed copy of the application for duplicate, or renewal, which 
has been submitted by him. 

Sec. 13.75 Posting license or verified statement. The holder of a radiotelegraph or radio- 
telephone first- or second-class license who is employed as a service and maintenance operator 
at stations operated by holders of Restricted Operator Permits shall post at such station his 
operator license or a verified statement from the Commission in lieu thereof. 
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TABLE 1. ABBREVIATIONS TO BE UsED In Rapio COMMUNICATIONS—Q CopE— 
ABBREVIATIONS TO BE USED IN ALL SERVICES }: 2 


a ee ee 


Abbre- 
viation 


ORA 
ORB 


ORC 


ORD 


ORG 


QRH 
ORI 
QRJ 


ORK 
ORL 


QRM 
ORN 
QRO 
ORP 
QRQ 
ORS 


ORT 
QORU 
ORV 
QRW 


ORX 


Question 


At what approximate distance are you 
from my station? 


By what private operating enterprise (or 
government administration) are the ac- 
counts for charges of your station 
settled? 

Where are you going and where do you 
come from? 

Will you tell me what my exact frequency 
(wave length) is in kilocycles (or 
meters) ? 

Does my frequency (wave length) vary? .. 

Is the tone of my transmission regular?.. . . 

Are you receiving me badly? Are my sig- 
nals weak? 

What is the legibility of my signals (z to 5)? 


Must I advise . . . that you are calling 


him on... kilocycles (or ... me- 
ters) ? 

Must I wait? When will you call me 
again? 


Answer or statement 


ee 


The name of my station is .. . 

The approximate distance between our 
stations is . . . nautical miles (or . . 
kilometers). 

The accounts for charges of my station are 
settled by the . . . private operating 
enterprise (or by the government ad- 
administration of ... ). 

Iam going to. ..andIcomefrom... 


Your exact frequency (wave length) is 
. . . kilocycles (or . . . meters), 


Your frequency (wave length) varies. 

The tone of your transmission varies. 

I cannot receive you. Your signals are 
too weak. 

The legibility of your signals is... (1 
to 5). 

I am busy (or I am busy with... ). 
Please do not interfere. 

I am being interfered with. 

I am troubled by static. 

Increase the power. 

Decrease the power. 

Transmit faster (. . . words per minute). 

Transmit more slowly (.. . words per 
minute). 

Stop transmission. 

I have nothing for you: 

I am ready. 

Please advise . . . that I am calling him 
on... kilocycles (or . . . meters). 


Wait (or Wait until I have finished com- 
municating with... ). I shall call 
you again at... o’clock (or immedi- 
ately). 


* Abbreviations take the form of questions when they are followed by a question mark. 
? The series of signals QA to QD and QF to QN are reserved for the special code of the aero- 
nautical service. 
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TABLE 1. AxsreEvIATIONS TO BE UsED IN RapI0o COMMUNICATIONS—Q CopE— 
ABBREVIATIONS TO BE USED IN ALL SERVICES—Continued 


ee ee ae 


eae Question Answer or statement 

viation 

Pee reve nich is my turn? ye oe ee Your turn is number . . . (or according to 

any other indication). 

WRZ | By whom amr! being called?:....:........ You are being called by .. . 

QSA | What is the strength of my signals (r to 5)? | The strength of your signals is (I fo 5). 

OSB Does the strength of my signals vary?..... The strength of your signals varies. 

QSD | Is my keying correct; are my signals dis- | Your keying is incorrect; your signals are 
tinct? bad. 

QSG Must I transmit ... telegrams (or one | Transmit... . telegrams (or one tele- 
telegram) at a time? gram) at a time. 

OS] What is the charge to be collected per word | The charge to be collected perwordto... 
to... including your internal tele-| is... francs, including my internal 
graph charge? telegraph charge. 

QSK | Must I continue the transmission of all my | Continue the transmission of all your 
traffic; I can hear you between my sig- traffic; I shall interrupt you if necessary. 
nals? 

QSL _ | Can you acknowledge receipt?........... I am acknowledging receipt. 

QSM | Must I repeat the last telegram which I Repeat the last telegram which you trans- 
transmitted to you? mitted to me. 

QSO Can you communicate with . . . directly | I can.communicate with . . . directly (or 
Cor through +") °54)?2 POPOUS Ic on). 

OSP Will you relay to . . . free of charge?..... I will relay to . . . free of charge. 

QSR | Has the distress call received from ...| The distress call received from ofatteonas 
been attended to? been attended to by... 

QSU | Must I transmit (or-answer) on ... kilo- | Transmit (or answer) on. . . kilocycles 
cycles (or meters) and/or on waves of (or . . . meters) and/or waves of type 
type Al, A2, A3, or B? A1,/A2, A3, or B. 

QSV | Must I transmit a series of V’s?.......... Transmit a series of V’s. 

QSW | Do you wish to transmit on . kilo- | I am going to transmit (or I shall transmit) 
cycles (or... meters), and/or on on... kilocycles (or ... . meters), 
waves of type Al, A2, A3, or B? and/or on waves of type Al, A2, A3, or 

B. 

QSX | Will you listen to... (call signal) on | I am listening to... (call signal) on 
. . . kilocycles (or . . . meters)? . . . kilocycles (or . . . meters). 

QSY | Must I shift to transmission on . . . kilo- | Shift to transmission on .. . kilocycles 
cycles (or . . . meters), without chang- (or... meters) without changing the 
ing the type of wave? or type of wave 

Must I shift to transmission on another | Shift to transmission on another wave. 
wave? 

QSZ Must I transmit each word or group | Transmit each word or group twice. 
twice? ' 

QTA | Must I cancel telegram no. ... as if it | Cancel telegram no. .. . as if it had not 
had not been transmitted? been transmitted. 

QTB | Do you agree with my word count?....... I do not agree with your word count; I 

shall repeat the first letter of each word 
and the first figure of each number. 

QTC | How many telegrams have you to trans- | I have... telegrams for you (or for 


mit? 


de 
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TABLE 1. ABBREVIATIONS TO BE USED IN RADIO CoMMUNICATIONS—Q CopE— 
ABBREVIATIONS TO BE USED IN ALL SERVICES—Continued 


Abbre- 
viation 


QTE: 


QTF 


OTG 


QTH 
QTI 
QT] 


QTM 


QTO 
OTP 
QTQ 


QTR 
QTU 
QUA 


QUB 


QUC 


QUD 


Question 
What is my true bearing in relation to 
you? or 
What is my true bearing in relationto .. . 
(call signal)? or 


What is the true bearing of . . . (call sig- 
nal) in relation to... (call signal)? 


Will you give me the position of my station 
on the basis of bearings taken by the 
radio direction-finding stations which 
you control? 

Will you transmit your call signal during 
50 seconds ending with a 10-second dash, 
on... kilocycles (or . . . meters) so 
that I may take your radio direction- 
finding bearings? 

What is your position in latitude and in 
longitude (or according to any other indt- 
cation) ? 


Transmit radio signals and submarine 
sound signals to enable me to determine 
my bearing and my distance. 


Are you going to enter dock (or port)?.... 
Can you communicate with my station by 
the International Code of Signals? 


What are the hours during which your sta- 
tion is open? 

Have you any news from . 
of the mobile station)? 
Can you give me, in the following order, in- 
formation concerning: visibility, height 
of clouds, ground wind at . . . (place of 

observation)? 

What is the last message you received from 
.. . (call signal of the mobile station)? 
Have you received the urgent signal trans- 
mitted by . . . (call signal of the mobile 

station) ? 


. . (call signal 


Answer or statement 


Your true bearing in relation tomeis ... 


degrees or 
Your true bearing in relation to . . . (call 
signal) is . . . degreesat . . . (time) or 


The true bearing of . . . (call signal) in 
relation to . . . (call signal) is . . . de- 
grees at .. . (time). 

The position of your station on the basis 
of bearings taken by the radio direction- 
finding stations which I control is .. . 
latitude, . . . longitude. 

I will transmit my call signal during 50 
seconds, ending with a 10-second dash, 
on... kilocycles (or . . . meters) so 
that you may take my radio direction- 
finding bearings. 

My position is... latitude, . . . longi- 
tude (or according to any other indica- 
tion). 

My true course is . . . degrees. 

My: speed is.) Vc ienote (ore 
meters) per hour. 

I am transmitting radio signals and sub- 
marine sound signals to enable you to 
determine your bearing and your dis- 
tance. 

I have left dock (or port). 

I am going to enter dock (or port). 

I am going to communicate with your sta- 
tion by the International Code of 


. kilo- 


Signals. 
The exact timeis... 
My station is open from ...to... 


This is the news from . 
the mobile station). 
This is the information requested: 


. . (call signal of 


O° Oke) 20.0 er Le jer ae. @ 


The last message I received from. . 
(call signal of the mobile station) is... 

I have received the urgent signal trans- 
mitted by . . . (call signal of the mobile 
station) at . . . (time). 


*In certain aeronautical services, ‘‘true course” and ‘‘true bearing” are called “geographic 
course’ and ‘‘geographic bearing.”’ 
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TABLE 1. ABBREVIATIONS TO BE USED IN Rapio ComMuNIcCArIoONsS—Q CopE— 
ABBREVIATIONS TO BE UsED IN ALL SERVICES—Continued 


Abbre- 


viation 


QUF 


QUG 
QUH 
QUT» 


QUK 
QUL 


QUM 


Question 


Have you received the distress signal sent 
by... (call signal of the mobile station)? 


Will you be forced to come down on water 
(or on land)? 

Will you give me the present barometric 
pressure at sea level? 

Will you please indicate the proper course 
to steer toward you, with no wind? 


Can you tell me the condition of the sea 
observed at... (place or coordinates)? 

Can you tell me the surge observed at... 
(place or coordinates)? 


Answer or statement 


I have received the distress signal sent by 
. . . (call signal of the mobile station) at 
tod. ime); 

I am forced to come down on water (or on 
land) at . . . (place). 

The present barometric pressure at sea 
levelis . .. (units). 

The proper course to steer toward me, 


with no wind, is... degrees at... 
(time). 
The sea at... (place or coordinates) is 
The surge at . . . (place or coordinates) is 


The distress traffic is ended. 


$In certain aeronautical services, ‘‘true course’ and “true bearing”’ are called ‘‘geographic 
course” and “geographic bearing.” - 


QSA 1 = scarcely perceptible. 


TABLE 2. ScALE USED To EXPRESS STRENGTH OR LEGIBILITY OF SIGNALS 


Strength 


Legtbilaty 


ORK 1 = unreadable. 


QSA 2 = weak. ORK 2 = readable now and then. 
QSA 3 = fairly good. ORK 3 = readable, but with difficulty. 
QSA 4 = good. ORK 4 = readable. 
QSA 5 = very good. ORK 5 = perfectly readable. 
TABLE 3. MiIscELLANEOUS ABBREVIATIONS 
Abbrevia- ie 
tion 
& Yes. 
N No. 
Pp - Announcing private telegram in the mobile service (to be used as a prefix). 
W Word or words. 
AA All after . . . (to be used after a question mark to request a repetition). 
AB All before . . . (to be used after a question mark to request a repetition). 
AL All that has just been transmitted (to be used after a question mark to request a 
repetition). 
AS Waiting period. 
BN All between . . . (to be used after a question mark to request a repetition). 
BQ Answer to RQ. 
CL I am closing my station. 
CS Call signal (to be used in requesting that call signal be given or repeated). 
DB I cannot give you a bearing, you are not in the calibrated sector of this station. 
DC The minimum of your signal is suitable for the bearing. 
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Abbrevia- 


tion 


DF 


DG 
DI 

DJ 

DL 
DO 
DP 
DS 
DT 
DY 


DZ 
ER 


GA 
JM 


MN 
NW 
OK 
RG 
SA 
SF 
SN 
SS 
aR 
TU 
UA 
WA 
WB 
XS 
Vas) 
ABV 
ADR 
CFM 
COL 
1S Sd 5 
MSG 
NIL 


PBL 
REF 
RPT. 


SIG 
SVC 
TFC 
TXT 
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TABLE 3. MISCELLANEOUS ABBREVIATIONS—Continued 


Meaning 


Your bearing at . . . (time) was . . . degrees, in the doubtful sector of this station, 
with a possible error of two degrees. 

Please advise me if you find an error in the bearing given. 

Doubtful bearing due to the bad quality of your signal. 

Doubtful bearing due to interference. 

Your bearing at . . . (tame) was . . . degrees, in the uncertain sector of this station. 

Doubtful bearing. Request another bearing later, or at . . . (time). 

Beyond 50 miles, possible error of bearing can attain two degrees. 

Adjust your transmitter, your minimum signal is too broad. 

I cannot give you a bearing, your minimum signal is too broad. 

This is a two-way station, what is your approximate direction, in degrees, in relation 
to this station? : 

Your bearing is reciprocal (to be used only by the control station of a group of radio 
direction-finding stations when addressing other stations of the same group). 

Here .. . (to be used before the name of the mobile station in the transmission of 
routing indications). 

Resume transmission (to be used more especially in the fixed service). 

If I may transmit, make a series of dashes. To stop my transmission, make a series 
of dots [not to be used on 500 kc. (600 m.)]. 

Minute or minutes (to be used to indicate the duration of the waiting period). 

I am resuming transmission (to be used more especially in the fixed service). 

We agree. 

Announcing a request. 

Announcing the name of an aircraft station (to be used in transmitting transit data). 

Announcing the name of an aeronautical station. 

Announcing the name of a coast station. 

Announcing the name of a ship station (to be used in transmitting transit data). 

To announce sending of indications concerning a mobile station. 

Thank you for the cooperation given. 

Do we agree? 


Word after . . . (to be used after a question mark to request a repetition). 
Word before . . . (to be used after a question mark to request a repetition). 
Static. 


See your service notice. 

Repeat (or I repeat) the figures in abbreviated form. 

Address (to be used after a question mark to request a repetition). 

Confirm (or I confirm). 

Collate (or I collate). 

The punctuation counts. 

Announcing a telegram concerning the service on board (to be used as a prefix). 

I have nothing to transmit to you (to be used after an abbreviation of code Q to show 
that the answer to the question asked is in the negative). 

Preamble (to be used after a question mark to request a repetition). 

Reference to . . . (or Referto... ). 

Repeat (or I repeat) (to be used in requesting or giving repetition of all or part of the 
traffic, the abbreviation to be followed by the corresponding indications). 

Signature (to be used after a question mark to request a repetition). 

Announcing a service telegram concerning private traffic (to be used as a prefix). 

Traffic. 

Text (to be used after a question mark to request a repetition). 
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TABLE 4. INTERNATIONAL MorsE CODE, WITH EXTRACTS FROM THE List OF PUNCTUATIONS 
AND OTHER SIGNS CONTAINED IN THE TELEGRAPH REGULATIONS OF THE CAIRO CONFERENCES, 


1938 
LETTERS 
ete ones mi Bae 
ees je Psa 
aah ieee a 
ener [waves ee Pea 
Cue 703) Veco —— 
f «+ mm n—e we— — 
ns 0 =_—_—_ —_= X —— c+ om 
h eee. JO)" eC MW eer QI 
Of SN) © Z_ == amu © © 
FIGURES 
i Oe 6 — cece 
y ice pd et BS eee Genco 
Se es ee 9 sell la 
hors me Ope eee 
ieee one Ot 


eee Gi, ee PO lg aim said oon 3 oe ee 
RA I or ey eae ei SN re ere als ce a chs Shae Coo 
5 ke RRS GE ICLOES SE UO ORO NG AT Cee SCT ee ee a Sm eee 
Question mark, or request for repetition of a transmission not understood. ? ++ —_—-- 
NE Se PE hr NUN SN Sarde WENO RU e he Cee By salu oc 7 —— a ee eo 
ENN) OCI rey Mr eae heigl I in EE eh se te mee 
EST SSS EE RIS et 8 SN eC my le [ —eommee 
mmetee te | erore and alter: WOrds) cu. 2... shove cae wean eum sees () —— eee ee 
Underscore (before and after words or part of sentence)................. oo ee 
RN Nes et De rh te es eh det cae NA late ote gichy aes aus = me ae 
NOMI NCI ee ah Cr ei gh es tila y's wh 1 erase betes, Che ath: whachheke ack coe ee 

TATE Sin pat AIRS SORES A RTS A nT eR a soeeeees 
Cross or end-of-telegram or end-of-transmission signal................... oe 
I PRU BLE RUL GIANG fe oi ass ose ahsica cdot once Haas dhe o aad ca fanene Wits on euavie _- 

SNP le wetney h bY Mol cen ees pee sa ey ks ois ea a teri sae Bex Scene, comes 
MR OE eR AN ite eR Be es ene ay ata cha a are ane coe ee oe 
meatsing signal (beginning every transmission)..........0......ciee+e4e: —e 


Separation signal for transmission of fractional numbers (between the ordi- 
nary fraction and the whole number to be transmitted) and for groups 
consisting of figures and letters (between the figure groups and the letter 
Ee ete A TaN Seon R tM nes reo sia ieee oy oe os oe ee 


The following optional letters and signals may be used exceptionally on connections between 
countries allowing them: 


QA + ——— o om Qh — + oo oe 
4ora C mes eee 6 oe o———. 
a —— — — Toc 0 = mee 


ewe eens 5 


In transmitting numbers involving a fraction, the separation signal must, in order to avoid 
confusion, be transmitted before or after the fraction, as the case may be. 


ae oa 
»’ 
2 
bs 


x ae ne . a3 ik 
= i: . ue i 1A aes gia i pices ie 
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Bxaueples: Instead of 11/16, transmit 1 »— +--+ — ay 16 in aes nae to h 
instead of 3/4 8, transmit 3/4 +>—-++—8 in order not to have it read 3/48; in 


transmit 2 -—-++— 1/2 »— -+— 2 in order not to: have it read 21/22. 


group consisting of figures and letters must be transmitted by inserting the sep 
— zm between the figure cies and the letter Stoee, 


a! 2 aes 


APPENDIX IV 
MISCELLANEOUS 


Automatic Alarm Device.* 


(a) Frequency Band of the Auto Alarm Receiver. The regulations of the “International 
Convention for the Safety of Life at Sea” which apply to radio aboard ship and particularly 
to “watches” in the radio room of cargo vessels make it compulsory for cargo vessels of over 
5,900 gross tonnage, not fitted with an auto alarm, to keep a continuous watch, while under 
way, by means of an operator or operators. On ships which are fitted with an auto alarm, 
this apparatus must be in operation when the operator is not on watch. The alarm signal, 
consisting of a series of dashes and spaces, when intercepted passes through a specially de- 
signed receiver which has a uniform sensitivity over a frequency range from 487.5 to 512.5 ke., 
or a total band width of 25 ke. The normal distress frequency is 500 kc., but provision is 
made for the auto alarm receiver to accept signals outside the exact frequency, thereby per- 
mitting some variation in the adjustment of the radio transmitter on the vessel in distress. 
After the radio alarm signal passes through the receiver it controls the selector mechanism. 
To allow for reasonable variations in the timing of the alarm signal, the selector is designed to 
accept dashes having a duration of 3.5 to 4.5 seconds and spaces from 0.1 to 1.5 seconds. A 
normal dash has a duration of 4 seconds and a normal space of 1 second. Routine daily tests 
of the alarm apparatus while the vessel is under way is required by the rules of the Federal 
Communications Commission. For this test the operator sends a local alarm signal through the 
circuits by referring to the sweep seconds hand of the station’s clock to time the dashes and 
spaces, and together with suitable meters and controls he can check the overall performance. 
After every such test the operator is required to make an entry in the radio log stating that he 
has performed the test. 

(b) Auto Alarm Receiver. Figure 113 illustrates schematically the tube and circuit layout 
of the superheterodyne receiver which consists of five tubes and associated tuned circuits 
required to give the necessary amplification and selectivity. An incoming radio alarm signal 
between 487.5 and 512.5 kc., with attenuation of signals outside these limits, is applied to 
the mixer-oscillator tube where it is mixed with the local oscillator frequency of 1,600 kc. 
The difference beat between signal and oscillator frequency, or 1,087.5 and 1,112.5 ke}: 18 
amplified by two intermediate-frequency stages, utilizing super-control pentode tubes, and then. 
applied to the diode detector. The d-c voltage developed across diode resistor R-1 is used to 
control the grid circuit of the d-c amplifier, RCA-1611, and a relay in this tube’s plate circuit 
either initiates or stops selector action. A wavetrap directly in the antenna lead is provided 
for the attenuation of strong broadcast signals from stations operating on frequency assign- 
ments in the pass-band accepted by the intermediate-frequency amplifiers. A 500-microvolt 
signal between the limits of 487.5 and 512.5 kc., irrespective of modulation or modulation 
frequency and including spark signals, must produce sufficient voltage of the polarity shown 
on the diode load resistor R1 to control the grid of the d-c amplifier tube. This tube has a 
“no signal” plate current value of approximately 7 milliamperes; thus signal relay No. 4 is 
normally energized. The 500-microvolt signal then reduces this relay current to below its 
drop-out value of 3 to 4 milliamperes. If the signal remains long enough, selector action 
obtains as explained later. A signal stronger than 500 microvolts merely produces plate current 
cutoff in the signal relay tube. “Downwards” operation of the signal relay is desirable inas- 


* The detailed explanation herewith reprinted covering operation of a Radiomarine Auto Alarm was ob- 
tained through the courtesy of RCA Review and the authors of the article, I. F. Byrnes and H. B. Martin 
of the Engineering Department, Radiomarine Corporation of America. 
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much as a strong signal does not excessively deflect the milliammeter, shown as A. The 
relay operates on breaks of one-tenth second or less. 

(c) How to Adjust for Desired Sensitivity. Sensitivity control Rs is provided for adjust- 
ment to optimum sensitivity, consistent with the prevailing noise level caused by atmospherics 
and man-made static. Thus to adjust for proper operation, the sensitivity control would be 
turned to its maximum counter-clockwise position, which gives minimum sensitivity for the 
receiver, and then turned clockwise until the plate current reading of the signal relay tube 
is approximately one milliampere less than the former reading. For example, if the plate 
currerit which flows through signal relay No. 4, in Figure 113, reads 7 milliamperes with the 
sensitivity control set to the extreme counter-clockwise point, the control would be turned 
clockwise so that the average reading would be approximately 6 milliamperes. Bursts of 
static would then drive the signal relay current below the drop-out value and the contacts which 


Mixer Ose. Ist IL FAmp. 2nd. I.F Amp. Det. DC.Amp. 
6A8 6K7 6K7 6H6 RCA-1611 


«lng 


Cd o > 


Fic. 113. Simplified schematic circuit diagram of the superheterodyne receiver used to supply 
the signal energy to the selector unit in the Radiomarine Automatic Alarm. 


initiate selector action would be occasionally or continuallly chattering, depending on exist- 
ing noise conditions. The use of a sensitivity control is necessary; since if the auto alarm 
was permanently adjusted to respond to a 500-microvolt signal, during the heavy static season, 
and especially in the tropics, the signal relay would be de-energized most of the time and the 
receiver would be “blocked,” insofar as ability to receive the auto alarm signal is concerned. 
In the event that this condition occurs, that is, where an increase in static level sufficient to 
drive the signal relay current below the drop-out value occurs, and continues for more than 
3.5 seconds, warning lights installed beside each alarm bell will be turned on and will remain 
lighted until the static reduces in value, or the sensitivity control is set to the proper point 
for the new level. 

(d) Explanation of Auto Alarm Selector Action. The selector unit functions with three 
selector tubes and a voltage regulator tube. In this action the principle used is one of current 
decay in a series RC circuit, and the network of resistors and capacitors in the grid circuits 
of the individual selector tubes cause a time delay. The elapsed time of signal duration is 
measured by these RC circuits. 

Referring to Figures 113 and 114, the selector action is as follows: An incoming signal of 
500 microvolts or greater, of either A-1, A-2 or B emission, between 487.5 and 512.5 kc. 
produces a d-c voltage across the diode resistor Ri of the correct polarity, as indicated in 
Figure 113, to reduce the plate current, Js, of the d-c amplifier or signal relay tube below its 
drop-out value. Contacts AM (A refers to “armature” or moving contact, B to “break” 
and M to “make” contacts when relay is energized) are normally closed since relay No. 4 
(Figure 114) is energized when no signals are being received. The reduction of J» of the 
relay tube therefore causes contacts AB to be closed, which applies charging voltage Ey, de- 
veloped by the voltage regulator tube, to Ci through Ri. Since the grid-cathode circuit of 
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VT-1 is connected across Ci, as C1 charges, the grid of VT-1 becomes less negative and 
eventually plate current, Jbi, in the output of this tube begins to flow, gradually increasing to 
several milliamperes. Thus if a signal persists for 35 seconds Jb; becomes 5 milliamperes 
and relay No. 1 closes contacts 4M. These contacts apply six volts obtained from the storage 
battery to the “notch” coil of thé stepping switch No. 6, which moves up one step and the 
warning lights go “on.” The coil of auxiliary relay No. 5 is in parallel with the notch coil of 
the stepping switch and, therefore, contacts 41M are made. This starts C2 charging through 


Ta all heaters (in serses) 


50805 


sty - 
Vottage Regulator Warning relay #8 
ae 
Warning relay # § 


1/0 tlio +6 6 i 10 


Fic. 114. Simplified schematic circuit diagram of the selector unit used in the Radiomarine 
Automatic Alarm. 


R, and if the signal persists up to or greater than 4.5 seconds the plate current, I[b2, of VT-2 
becomes 5 milliamperes, which closes selector relay No. 2, and its contacts 4M, in turn, apply . 
six volts to the “restore” coil of the stepping relay. As soon as A leaves B of selector relay 
No. 2, resistor Rs is inserted in series with the notch coil and auxiliary relay coil to prevent 
damage to the low resistance notch coil, due to an over-long signal or continuous “blocking” 
by static. The warning lights continue to glow until the signal stops or has a slight break 
in it. A break in the received signal allows signal relay No. 4 contacts 4M to return the 
grid of VT-1 to a value greater than that required for plate current cut-off, which allows No. 1 
relay contacts AM to open, thus removing the voltage from the “notching” coil and auxiliary 
relay No. 5, in turn allowing the “restore” coil of the stepping switch to return the lever 
wiper to normal. Contacts A:B of auxiliary relay No. 5 then bias the grid of VT-2 beyond 
cut-off and allow selector relay No. 2 to open contacts AM, which removes the six-volt supply 
from the restore coil of the stepping switch. VT-1 thus serves to check the minimum length 
of a dash (dashes less than 3.5 seconds do not actuate the stepping switch), and VT-2 serves 
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to check the maximum acceptable length of dash (dashes greater than 4.5 seconds energize the 
restore coil of the stepping switch which “restores” when the signal stops). Four dashes, if 
greater than 3.5 seconds and less than 4.5 seconds would then actuate No. 1 relay four times 
and the stepping switch wiper would rest on Contact 4. Then if a break occurs at the end of 
the fourth dash, contacts AB of No. 1 selector relay are closed which applies six volts to the 
bell ringing relay No. 7. Once closed, this relay applies six volts to the bells and is held 
closed by its auxiliary or hold-in contacts. In order to stop the bells the reset button on the 
auto alarm panel must be pressed. The bells are not allowed to ring until the fourth dash 
is broken (and within prescribed limits), since if this was not done three correct dashes and 
the fourth one of any length greater than 3.5 seconds would cause an alarm. 

Selector tube VT-3 serves two purposes. If one, two, or three correctly timed dashes are 
received, the stepping switch wiper comes to rest on contact 1, 2 or 3 respectively and would 
remain in one of these positions indefinitely until another dash was received, which would then 
ring the bells. This is, of course, improper operation. In order to prevent such a condition 
the grid of VT-3 is normally connected to the charging voltage E, through charging resistor 
R;. The cathode circuit of VT-3 connects through interlock contacts X1 on the stepping 
switch, which are open when the stepping switch is on the zero or “normal” contact only. 
Thus after a “notch” has occurred auxiliary relay No. 5 contacts 42M are closed which biases 
the grid of VT-3 to its below cut-off value as determined by voltage divider resistors Re 
and R;. At the conclusion of the dash auxiliary relay No. 5 contacts 42B are made and after 
an interval of five seconds plate current, /bs, flowing in selector relay No. 3 reaches a value 
of 5 milliamperes, thus closing No. 3 relay contacts AM. These contacts in turn apply six 
volts to the restore coil of the stepping’ switch which will then be returned to normal. In 
the event that the second or following dash is completed within five seconds from the end of 
the previous dash, selector relay No. 3 does not close contacts AM. This then allows the 
maximum space between dashes to be the difference between five seconds and the initial closing 
time of relay No. 1, or 1.5 seconds. Such a method provides the proper checking of spaces. 
If an attempt were made to check spaces directly, any form of interference occurring during 
the space would “fill in” and cause an error in timing. 

In order to indicate line voltage failure as well as tube heater burn-out, warning relay 
No. 8 is connected in series with all tube heaters which in turn are heated from the ship’s 
110-volt line. <A failure of either tube heater or line voltage will cause the alarm bells to 
ring. The bells will, of course, stop ringing if the line voltage is restored. A test button is 
provided on the auto alarm panel which, when held in, prevents the bridge and operator’s 
room bells from ringing during routine testing of the auto alarm receiver and selector. 

Warning relay No. 9 is connected across the storage battery through a series resistor. 
Failure of the battery supply will allow relay No. 9 to de-energize and turn on the warning 
lights at each bell location. Warning of power failure is therefore obtained except for simul- 
taneous failure of both the 110-volt ship’s line supply and the storage battery. The chances 
of simultaneous failure are very remote. 

In order to prevent normal changes in the 110-volt d-c ship’s supply from impairing the 
timing of the selector circuits the grids of the three selector tubes are supplied with a regulated 
source of voltage from the voltage regulator tube VT-4. 

(e) Summary of Warnings Indicated by Lights and Bells. Warnings given in list (3) 
below are to be expected and indicate that the auto alarm is functioning correctly, whereas, 
warnings given in (1) and (2) should be investigated as to their cause. 


(1) Bells ringing may be caused by 
Receipt of auto alarm signal. 
Receipt of a false auto alarm signal caused by a fortuitous combination of static 
and keyed interference. 
Loss of ship’s line voltage. 
Tube heater burn-out. 
(2) Warning lights burning continuously are caused by 
Receipt of a continuous signal from a transmitter whose key is being held down 
for a period considerably greater than 4.5 seconds. 
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Sensitivity control set too high for the prevailing noise level. 
Loss of 6-volt battery supply. 
(3) Warning lights burning intermittently are caused by 
Occasional long bursts of static. 
Transmitter testing using dashes slightly longer than 3.5 seconds. 


Heavy 500 kc. interference caused by several telegraph transmitters transmitting at 
the same time. 


(f) Operation of “Antenna-On-Off” Switch. The circuit changes made with this switch 
in the “on” position or receive position which is used when the operator is “off watch” are 
given in list (4) below, and circuit changes made with the switch in the “off” position used 
when the operator is “on watch” are given in list (B). 


(A) When in the “receive” position (operator “off watch”) 
(1) Connects the main ship antenna to the auto alarm. 
(2) Opens transmitter key relay power supply circuit. 
(3) Connects the 110-volt supply to the auto alarm. 
(4) Connects the 6-volt supply to the auto alarm. 


(B) When in the “off” position (operator “on watch’) 
(1) Connects the ship antenna to the lightning switch. 
(2) Closes key relay power supply circuit. 
(3) Removes the 110-volt and 6-volt tube and relay supply voltages. 
(4) Places 6-volt battery on charge. 
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FREQUENCY VERSUS WAVELENGTH 
V 


Boo 
where f = frequency in cycles 
\ = wavelength in meters | 
V = the velocity of propagation of electromagnetic waves, or 299,820,000 meters per second. 


KILOCYCLES TO METERS, OR 


Kilo- Kilo- Kilo Kilo- 

Meters cycles Meters cycles Meters cycles Meters cycles Meters cycles 
5 |59960 500 599.6 1000 299.8 1500 199.9 2000 149.9 
10 |29980 510 587.9 1010 296.9 1510 198.6 2010 149.2 
20 {14990 520 576.6 1020 293.9 1520 197.2 2020 148.4 
30 9994 530 565.7 1030 PSEA 1530 196.0 2030 147.7 
40 7496 540 So9n2 1040 288.3 1540 194.7 2040 147.0 
50 5996 550 545.1 1050 285.0 1550 193.4 2050 146.3 
60 4997 560 535.4 1060 282.8 1560 192.2 2060 145.5 
70 4283 570 526.0 1070 280.2 1570 191.0 2070 144.8 
80 3748 580 516.9 1080 277.6 1580 189.0 2080 144.1 
90 3331 590 508.2 1090 265.1 1590 188.6 2090 143.5 
100 2998 600 499.7 1100 272.6 1600 187.4 2100 142.3 
110 2726 610 491.5 1110 270.1 1610 186.2 2110 142.1 
120 2499 620 483.6 1120 ZODaT 1620 185.1 2120 141.4 
130 2306 630 475.9 1130 20595 1630 183.9 2130 140.8 
140 2142 640 468.5 1140 263.0 1640 182.8 2140 140.1 
150 1999 650 461.3 1150 260.7 1650 181.7 2150 139.5 
160 1874 660 454.3 1160 258.5 1660 180.6 2160 138.8 
170 1764 670 447.5 1170 25623 1670 179.5 2170 138.1 
180 1666 680 440.9 1180 254.1 1680 178.5 2180 13725 
190 1578 690 434.5 1190 252.0 1690 177.4 2190 136.9 
200 1499 700 428.3 1200 249.9 1700 176.4 2200 13603 
210 1428 710 422.3 1210 247.8 1710 i a: 2210 LS aie 
220 1363 720 416.4 1220 245.8 1720 174.3 2220 1355 
230 1304 730 410.7 1230 243.8 1730 Piss 2230 134.4 
240 1249 740 405.2 1240 241.8 1740 Lies 2240 133.8 
250 1199 750 399.8 1250 239.9 1750 Li123 2250 133.3 
260 1153 760 394.5 1260 238.0 1760 170.4 2260 132 6 
270 1110 770 389.4 1270 236.1 1770 169.4 2270 132724 
280 1071 780 384.4 1280 234.2 1780 168.4 2280 T3L5 
290 1034 790 SWAG! 1290 232.4 1790 167-5 2290 130.9 
300 999.4 800 374.8 1300 230.6 1800 166.6 2300 130.4 
310 967.2 810 370.2 1310 228.9 1810 165.6 2310 129.8 
320 936.9 820 365.6 1320 22H 1820 164.7 2320 129.2 
330 908 .6 830 361.2 1330 225.4 1830 163.8 2330 128.7 
340 881.8 840 356.9 1340 225-4 1840 162.9 2340 128.1 
350 856.6 850 SS 2g 1350 Zo 1850 167.4 2350 127.6 
360 832.8 860 348.6 1360 220.4 1860 161.2 2360 |) 12720 
370 810.3 870 344.6 1370 218.8 1870 160.3 2370 126.5 
380 789.0 880 340.7 1380 I Wa 1880 159.5 2380 126.0 
390 768 .8 890 336.9 1390 7h opel | 1890 158.6 2390 125.4 
400 749 .6 900 S5Gnm 1400 214.2 1900 15758 2400. | 124.9 
410 Jams 910 329.5 1410 212.6 1910 ie AMG) 2410 124.4 
420 713.9 920 325.9 1420 2011 1920 156.2 2420 123.9 
430 697.3 930 322.4 1430 209.7 1930 155.3 2430 123.4 
440 681.4 940 319.0 1440 208.2 1940 154.5 2440 122°9 
450 666.3 950 315.6 1450 206.8 1950 153.8 2450 122.4 
460 651.8 960 CNA) 1460 205.4 1960 153.0 2460 121.9 
470 637.9 970 309.1 1470 204.0 1070 yA? 2470 121.4 
480 624.6 980 305.9 1480 202.6 1980 151.4 2480 120.9 
490 611.9 990 302.8 1490 201.2 1990 150ns 2490 120.4 


This table is used to convert wavelength in meters to kilocycles or kilocycles to meters. It should be remem- 
bered that the values are interchangeable, for example: 

If the wavelength in meters is required for 1300 kilocycles, it can be found by referring to the figure 1300 in 
the ‘‘ Meters’’ column. Here it is seen that the corresponding figure is 230.6 in the ‘‘ Kilocycles "’ column, 


Therefore, 
1300 kc = 230.6 meters. 
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Example: To find the ae in cycles of a wavelength of 200 meters: 


299,820,000 


p= — = 200 = 1,499,100 cycles, 
or 1499 kilocycles. 


The wavelength may be obtained by transposing the above formula: 


V 299,820,000 
A= if = “7,499,100 = 200 meters. 


METERS TO KILOCYCLES 
ae lL a RZ eg cc A 


Kilo- 
cycles 


2500 119.9 3000 99.94 4000 74.96 5000 59'.96 7500 39.98 
2510 £195 3020 99.28 4020 74.58 5050 59.37 7550 39.71 
2520 119.0 3040 98.62 4040 74.21 5100 58.79 7600 39.45 
2530 £185 3060 97.98 4060 73.85 5150 Sure 7650 39.19 
2540 118.0 3080 97.34 4080 73.49 5200 57.66 7700 38.94 
2550 117.6 3100 96.72 4100 13°13 5250 Ses 7750 38.69 
2560 Li iel 3120 96.10 4120 12.41 5300 56.75 7800 38.44 
2570 116.7 3140 95.48 4140 72.42 5350 ae 7850 38.19 


Meters Meters 


2580 EEO. Z 3160 94.88 4160 72.07 5400 Se ays 7900 37.95 
2590 Td. 8 3180 94.28 4180 71.73 |} 5450 55.01 7950 Sit 
2600 115.3 3200 93.69 4200 71.39 5500 54.51 8000 37.48 
2610 114.9 3220 O03 ai 4220 71.05 5550 54.02 8050 3f.25 
2620 114.4 3240 92.54 4240 70.71 5600 53.54 8100 37.02 
2630 114.0 3260 91.97 4260 70.38 5650 Sor 07 8150 36.79 
2640 113.6 3280 91.41 4280 70.05 5700 52.60 8200 36.56 
2650 113.1 3300 90.86 4300 69.73 5750 52.14 8250 36.34 
2660 £1227 3320 90.31 4320 69.40 5800 51.69 8300 36.12 
2670 112.3 3340 89.77 4340 69.08 5850 Din) 8350 35.91 
2680 Hi1.9 3360 89.23 4360 68.77 5900 50.82 8400 35.69 
2690 8 Biss) 3380 88.70 4380 68.45 5950 50539 8450 35.48 
2700 110 3400 88.18 4400 68.14 6000 49.97 8500 35.27 
6 


2710 110. 3420 87.67 4420 67.83 6050 49.56 8550 35.07 
2720 110.2 3440 87.16 4440 60293 6100 49.15 8600 34.86 
2730 109.8 3460 86.65 4460 67.22 6150 48.75 8650 34.66 
2740 109.4 3480 86.16 4480 66.91 6200 43.36 8700 34.46 
2750 109.0 3500 85.66 4500 66.63 6250 47.97 8750 34.27 
2760 108.6 3520 85.18 4520 66.33 6300 47.59 8800 34.07 
2770 108.2 3540 84.70 4540 66.04 6350 47.22 8850 33.88 
2780 107.8 3560 84.22 4560 65.75 6400 46.85 8900 33.69 
2790 g0725 3580 83.75 4580 65.46 6450 46.48 8950 33.50 
2800 107.1 3600 83.28 4600 65.18 6500 46.13 9000 $3531 
2810 106.7 3620 82.82 4620 64.90 6550 45.77 9050 33.13 
2820 106.3 3640 S2207 4640 64.62 6600 45.43 9100 32.95 
2830 105.9 3660 81.92 4660 64.34 6650 45.09 9150 ATE! 
2840 105.6 3680 81.47 4680 64.06 6700 44.75 9200 32.59 
2850 105.2 3700 81.03 4700 63.79 6750 44.42 9250 32.41 
2860 104.8 3720 80.60 4720 O3052 6800 44.09 9300 32.24 
2870 104.5 3740 80.17 4740 63.25 6850 43.77 9350 32.07 
2880 104.1 3760 79.74 4760 62.90 6900 43.45 9400 31.90 
2890 103.7 3780 (2752 4780 62.72 6950 43.14 9450 31.73 
2900 103.4 3800 78.90 4800 62.46 7000 42.83 9500 31.56 
2910 103.0 3820 78.49 4820 62.20 7050 42.53 9550 31.39 
2920 102.7 3840 78.08 4840 61.95 7100 42.23 9600 31.23 
2930 102.3 3860 FLO 4860 61.69 7150 41.93 9650 31.07 
~ 2940 102.0 3880 (RO 4380 61.44 7200 41.64 9700 30.91 
2950 101.6 3900 76.88 4900 61.19 7250 41.35 9750 SUT iy 
2960 101.3 3920 76.49 4920 60.94 7300 41.07 9800 30.59 
2970 100.9 3940 76.10 4940 60.69 7350 40.79 9850 30.44 
2980 100.6 3960 15.8 4960 60.45 7400 40.52 9900 30.28 
2990 100.3 3980 hO205 4980 60.20 7450 40.24 9950 30.13 


Values of wavelengths not listed in the columns may be found by applying the decimal system. For example, 
it may be desired to find the frequency corresponding to 372 meters. There is no wavelength value given to cor- 
respond to this number. Therefore, by multiplying 372 by 10, we obtain the figure 3720, which is found listed in 

the ‘‘ Meters ’’ column and corresponding to a frequency of 80.60. Since the first value is multiplified by 10, we 
¢an move the decimal point one place to the right, giving us a value of 806.0 kc. Therefore, a wavelength of 
372 meters corresponds to a frequency of 806 ke, 


7 


od 
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. Symbols ms 
bu = permeability (B/H) a-f = audio-frequency (adjective) 
aw = 3.1416 a. f. = audio frequency (noun) 
p = volume resistivity r-f = radio-frequency (adjective) 
7 = thickness r.-f. = radio frequency (noun) 
K = susceptibility e.m.f. = electromotive force 
\ = wavelength in meters m.m.f. = magnetomotive force 
6 = logarithmic decrement a-c = alternating current (adjective) 
€ = 2.7183 (base of Napierian logarithms) a.c. = alternating current (noun) 
” = efficiency (per cent) d-c = direct current (adjective) 
6@ = phase angle (degree or radian) d.c. = direct current (noun) 
@ = angle pf = microfarad or mfd 
WY = difference in phase buf = micro-microfarad or mmfd 
w = 2xf (angular velocity in radians per second) h = henry 
® = magnetic flux mh = millihenry 
W = electrostatic flux wh = microhenry 
Q = ohm MQ = megohm 
YT = electric conductivity rms = root-mean-square 
G& = electric field intensity rpm = revolutions per minute 
Y= magnetomotive force rps = revolutions per second 
Q = reluctance 
Abbreviations 
C capacity (electrostatic capacity) d diameter; distance 
E effective electromotive force f frequency; cycles per second 
I effective current g conductance 
K dielectric constant h_ height 
L inductance 2 instantaneous current 
M mutual inductance k coefficient of coupling 
N number of conductors or turns l length 
Q quantity of electricity r distance from a point (radius) 
R_ resistance t time 
T period, or one complete cycle v velocity 
W watts 
X reactance 
Z impedance 
Greek alphabet 
Letters Names Letters Names Letters Names 
A @ Alpha Lae Iota Peg Rho a 
Bess Beta KongK Kappa 2 os Sigma + 
Dilvy Gamma A eX Lambda T f Tau a 
Ago Delta M wu Mu T ov Upsilon 4 
E € Epsilon N pv Nu P Phi ; 
Zeek Zeta are Xi Gime Chi 
H 47 Eta Ot Omicron VY y Psi 
O70 Theta Il Pi Q w Omega 
Signs 
c proportional to; varies as Z angie 
= equal to < is less than 
X multiplied by <K much less than 
+ plus; addition > is greater than 
— minus; subtraction >> much greater than 
+ divided by © ~~ cycle 
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